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PREFACE 



Edition of 1900. Revised 1908 



f 



The present edition includes most of the data of the 1896 
publication. 

The safe transverse loads are now figured on the basis of 
16,000 lbs. per square inch fiber stress for all rolled sections, 
and 15,000 lbs. per square inch for riveted beam box and 
plate girders. 

New standard connecting angles for beams and channels 
have been introduced; also additional tables of standards used 
in detailing. 

All bolts for separators will be % in. diameter, except 
those for 8 in. beams. 

The tables of properties of angles have been extended to 
include all thicknesses rolled, and new tables of safe loads for 
channel coltmins have been added. 
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GENERAL NOTES 

The flanges of both I-beams and standard channels have 
now a uniform slope of 1Q% per cent., being equivalent to 2 
inches per foot. The small fillets on I-beams and standard 
channels have been made to a radius of ^ of the minimum 
web thickness; the large fillets to a radius of the minimum 
web thickness plus -^ of an inch. 

General (nearly straight line) formulae have been adopted 
for both I-beams and standard channels to determine their 
dimensions and weights per foot, so that similar sections de- 
signed hereafter have their dimensions and weights already 
determined. 

The manner in which the weight of the various sections is 
increased is illustrated on page 25, Figs. 1, 2, 8 and 4 

For channels and I-beams the enlargement of the section 
adds an equal amount to the thickness of web and the width 
of the flanges. 

The effect on angles of spreading the rolls is to slightly 
increase the length of the legs. Most of the sizes, however, 
are rolled in finishing grooves, whereby the exact dimensions 
are maintained for different thicknesses. Z-bars are increased 
in thickness in the same manner as angles. 

I-beams and channels should be ordered to weights given 
in the tables. Any weights ordered other than those shown 
in the tables will be furnished and charged for at the next 
higher weight. Sections of shapes shown correspond only to 
the minimum weight, excepting Z-bars. 

Channels having but one weight specified can be rolled 
only as shown. T-shapes do not admit of any variation and 
can be rolled only to the weight given. 

All weights given are per lineal foot of the section. 

A recapitulation of all rolled shapes is given on pages 27 
to 46 inclusive. 

In ordering, designate weight or thickness wanted, but 
not both. Quicker deliveries can be obtained by ordering 
standard sections and weights. 

All structural material will be cut to lengths with extreme 
variation not exceeding )( of an inch, unless otherwise ar- 
ranged. J 

In calculating the areas and weights of the various sections 
herein shown the fillets were disregarded except in special cases. 
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Shapes 

Manufactured by 

Carnegie Steel Company 

Pittsburg, Pa. 
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B 1—80 Lbs. 

85. 90. 95 and 100 Ibt. 



•<• 3.25— ->! 

Weights in heavy print are standard, others art special. 
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B 3-65 Lbs. 

70 and 75 lbs. 



H- -3 20-- -J ♦— 2.875--— >J 

Weights in heavy print are standard, others are special. 
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I-BEAMS 

o ^ An I u« 



Weights m heavy print are standard, others are special. 
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I-BEAMS 
B 13-21 Lbs. 



U74l 




B 1 1-26 Lbs. 

30, 35 and 40 lbs. 



^0^- 




B 9-31.6 Lbs. 

35 Voi. 



a4« 




D Q^^f\ I U. 



Weights in heavy print are standard, others are special. 
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B 77—5.5 Lbs. 

6.5 and 7.5 lbs. 

'''O ^ 0.17' ;i^0.3 



I-BEAMS 



B 23-7.5 Lbs. 

8.5. 9.5 and 10.5 lbs. 



/ 4--^^' 



B 21—9.75 Lbs 

12.25 and 14.75 lb$. 

0.126'i« 

0. 2^' M 



-5— 



B 19—12.25 Lbs. /o. 138- 




Weights in heavy print are standard, others are special 
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CHANNELS 



f""l 


C 4-1 3.25 Lbs. ^mssC 

i 15, 20 and 25 lbs. | 


CN 


1. , 0-83x^ 


>k__. 









0.28" 




C 1-33 Lbs. 

35, 40. 45. 50 and 55 lbs. 




Weights in heavy print are standard, others are special. 
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CHANNELS 
C 72-4 Lbs. 

5 and 6 lbs. 



U 3-'- J 

C 9-5.25 Lbs. 

6.25 and 7.25 Ibs.^^ 
0. is'i 




C 8-6.5 Lbs. 

9 and 11.5 lbs. ^ 




^cl 



C 7—8 Lbs. 

10.5, 13.0 and 15.5 fbs. ,^ 



^.^^^kkk^.kk>,i.Uk^<^».».<kkk<<kk>,<kVVV-vk^^ 



!^ 't_ \ 

C 6-9.75 Lbs. 

12.25, 14.75. 17.25 and 19.75 lbs. 

).2l'Q.___ 




C 5—1 1 .25 Lbs. 

13.75, 16.25. 18.75 and 21.25 lbs. , 
a 22"; 



0.22' 



I 

!«. j^L 

Weights in heavy print are standard, others are special. 
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CAR-TRUCK CHANNELS 




SHIP-BUILDING CHANNELS 
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SHIP-BUILDING CHANNELS 



C 150. 

10-27.2. 28.9 and 30.6 lbs. 




-+0- 





C 150 b. 

10-21.8 lbs. 



PROPOSED SHIP-BUILDING CHANNELS 




"■6 



Digitized by V^OOy I 



CARNEGIE STEEI* COMPANY 



10 



STANDARD Z-BARS 



«• -34- 



"1 






v| zi. 

15.6 to 21.0 lbs. 



Z2. 

22.7 to 28.0 lbs. 




"<- -3H- — 
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STANDARD Z-BARS 



Z 8. 

13.8tol7.9lb». 




-3Kr ^ 





<< — -2%-;-- 



^ 



Z II. 

P.7to11Alb8. 



-2% W 



U-2^j;rB Z 12. 

^ |l 12.5 to 14.2 lbs. 



-2%- 
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SPECIAL Z-BARS 




4.P 



H2 



Z 19. 

1 X-3.5 lbs. 



-2^- 
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AnsI 



/ 



ANGLES WITH EQUAL LEGS 



H.S 


« 


12.: 


A 90. 


8.2 to 19.9 lbs. 


A 99. 


7.2 to 17.1 lbs. 




A 40. 

4.9 to 11.5 



CARNEGIE STEEL COMPANY 



ANGLES WITH EQUAL LEGS 

Angles marked * are special 




A 80. ^^^., 



0.8 to 1.5 lbs. 



*A 82. .-I^*- 

0.7 and 1.0 lbs. *^>^^> 



A 84. ; 

0.6 to 0.9 lbs. *^^ 



^1 



ANGLES WITH UNEQUAL LEGS 

Angles nnarked * are special 



*A 140 

20.5 lbs. 
Can be rollei 



*A 159 

15.0 to 32.3 



A 168. 

12.3 to 30.6 I 



A 177. 

11.7 to 28.9 I 



*A 186. 

11^ to 24.2 I 
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ANGLES WITH UNEQUAL LEGS 

Angles marked * are special 

*A 279. .•.^. 
1 .0 to 1 .9 Ibfc X>^J<^* 



A 96. ^ / 

8.7 to 32.7 lt». "V A 



A 280. 




8.2 to 19.9 lbs. / j^F^ '-!• 

^V \ ^ \ 2.3 to 5.6 Ibt. .I'^V 

*A97. i^'',^^:\ ^ <A 

7.7 to 18.5 lt». / ,M^ -»» ^^ V 

\ A 269. ,'^w*, 

/-^^ >, .^:^'^2.8to6.8lbs.^./ ^^ 

*A 98. '^y^^- ^ 

7.7 to 18.5 lbs. / J^^ ^ 



A 228. 

7.2 to 17.1 lbs. 





N^ *A 262. ^. ,^^ 

J^ 4.1 to 7.7 lbs. ^'' 

<\ A 257. ,*v-. 



A 237. 

6.6 to 15.8 lbs. 



A 245. 

4.9 to 12.5 lbs. 
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SPECIAL ANGLES-SQUARE ROOT 
A 370. 

4.9 lbs. J,-' 




A 36 

11.1 lbs. 



A 363. J:- 

8.5 fbs. / 



A 369. ^ 

6.1 lb«. 



Dioitizedby 
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SPECIAL ANGLES-SQUARE ROOT 



A 389. A -'A. >-- A 40 1 . vjK'^^i.^. 

4.7 lbs. ..'^.^^^^. 2.0 lbs. n'^^^^^ 



A 430. 



A 390. ./X\ A 402. #^>v^. 

4.0 lbs. >' ^^^kj'-.* 1.5 lbs. k' .^^^^ 



A 409. 

1-5 Ib^ 5^'^^" 



A 410. 



/x^ A 403. l/V^y 

3.2 lbs. /^#^k, ^. '(^ ^^^ 

^'^ ^^.> ^ ^ A 41 I. 

0.8 lbs. ^ ^, .* 



,r, ^^ A 406. x^ ,T.. ,*. 

A 395. 4i''.^V. 1-7 lbs. ,'^,,^'^''' 

2.8 lbs. y"^#'^^X ''^^4N^^ A 413. 

^ 0.7 lbs. ;!|,i'V\^ 




A 407 




A 399 V 'V^ A 408. V-^/- A 4 1 5 x^, .^ 

.:!l*>^V 0.9 lbs. >^^^-ir-' 0.6 lbs. J*^X^- 



1.8 lbs. 



-K^S>' 
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TEES WITH EQUAL LEGS 



— -2)^'^™ 




t^ 2X-'^--*, 




-2^/.— _. 
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TEES WITH EQUAL LEGS 



Ht: 








T2I. 

1.3 lbs. 



'«; 



T22. 

1.0 lbs. 



h' 



>? 



HAND-RAIL TEES 





UigitizedbyGoOgI 



CARNEGIE STEEI< COMPANY 



aa 



TEES WITH UNEQUAL LEGS 




TBI. 

11.0 lbs. 



-AH- 



*l 


i 


T55. 1 




8.0 lbs. 1 


1 


^ 


L — J' 



K. 




^ 4 ^ 



T56. 

9.3 lbs. 
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TEES WITH UNEQUAL LEGS 

-^- — --. ^ 4^- 






F 


^^^^^^ 


V 


|i; 


i 


Teo. 


ji" 


i 


ii.eibt. 


1 


! 




^ 


.—i 



..4'- 



I mik '-M 


r-' 


'•■rp.ii 


T62. '^' 


V 


*4 


8.7 (b«. 




I 




)^ 


jf 






T64. 

7.9 lbs. 



}i' 



^ 

***. 





1 


^« 


^1 

T59. 1 

14.8 ItM. ^ 


S 




i 

i 


i 

— * 
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TEES WITH UNEQUAL LEGS 
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TEES WITH UNEQUAL LEGS 




-2H- 




- c;;;;^ 


-* 


^r^^H 


^ 


T83. 1 

6.2 R>s. 1 


f 


> 
Y 



'« 



r — -2« 


*i 


>i{.^» 


^^ 


T84. 1 

6.8 lbs. 1 


's 


i 


:■ 



5«- »; 



%' 




2« -n 




T86.^^ ; 

3.0 lbs. 
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PLATES 

TROUGH PLATE. 




CORRUGATED PLATES. 

M 30. 

8.1 to 12.0 lbs. 




■A2^- 



OHECKERED PLATE. 
M 51. 

_Weight.per_sc^.foot_l_3.8.to_2U4J.b8.. 
Maximum width 34^ 
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METHOD OF INCREASING SECTIONAL AREAS 
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DIMENSIONS AND WEIGHTS OF 
CARNEGIE BARS 



ROUNDS 



Sise 
Inches 


Weight 
per foot 
Pounds 


Sise 
Inches 


Weight 
per root 
Pounds 


Sise 
Inches 

1^ 


Weight 
per Foot 
Pounds 


Size 
Inches 


Weight 
per Foot 
Pounds 


% 


.17 


H 


1.26 


4.17 


3 


24.03 


A 


.21 


1 


1.38 


ItV 


4.60 


85^ 


26.08 


■fl 


.26 


1.44 


l4 


5.05 


8J< 


28.20 




.82 


1.50 




5.62 


m 


30.42 




.35 




1.63 


if 


5.77 


3^ 


32.71 


n 


.38 


it 


1.76 


6.01 


^H 


35.09 




.41 


1.84 


» 


6.52 


8^ 


87.56 


.44 


ix 


1.91 


7.05 


8^ 


40.10 


tV 


.51 


: X 


1.97 


m 


7.60 


4 


42.73 


4 


.55 


^ 


2.04 


i¥ 


8.18 


4^ 


48.24 


-| 


.59 


|. . 


2.19 


m 


8.77 


4^ 


54.07 


J 


.63 


T 


2.35 


m 


9.39 


4|< 


60.25 


.67 


T 


2.51 


HI 


10.02 


5 


66.76 


f^ 


.71 


fl 


2.59 


2 


10.68 


55< 


73.60 


\ 


.75 


1 


2.67 


2H 


12.06 


n% 


80.77 


f 


.80 


1^ 


2.84 


2^ 


13.52 


5H 


88.29 


A 


.85 


1^ 


3.01 


2H 


15.07 


6 


96.14 


■1 


.94 


IJL 


3.19 


2% 


16.69 


6J< 


104.30 


f 


.99 


16 


3.28 


2H 


18.40 


QH 


112.80 


H 


1.04 


3.38 


2H 


20.20 


QU 


121.70 


fi 


1.15 


lA 


3.77 


2Ji 


22.07 







SQUARES 



^ 


.21 


Vs 


2.60 


IVz 


7.65 


2'4 


17.22 


t 


.33 


H 


2.99 


!t 


8.30 


2y2 


21.25 


.48 


1 


3.40 


8.98 


2K 


25.00 


i 


.65 


ItV 


3.84 


Hi 


9.68 


3 


30.60 


.85 


VA 


4.30 


tH 


10.41 


3X 


35.92 


i 


1.08 


h\ 


4.80 


m 


11.17 


3^ 


41.65 


1.33 


iH 


5 31 


m 


11.95 


334: 


47.82 


H 


1.61 


\t 


5.86 


m 


12.76 


4 


54.40 


H 


1.91 


6.43 


2 


13.60 


4H 


G8.85 


a 


2.25 


ItV 


7.03 


2/8 


15.35 


5 


85.00 
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DIMENSIONS AND WEIGHTS OF 
CARNEGIE BARS-Continued 

FLATS 



Tidtk 


TUokntn 


Minimum Wt. 


Width 


Thickness 


Minimum wt 


iBchn 


InehM 


per Foot, Pounds 


Inohes 


Inches 


per Foot, Pounds 


H 


Ato ^ 


.40 


3^ 


fttol)^ 


2.31 


^ 


Ato ^ 


.48 


8^ 


TVtol>^ 


2.89 


Ji 


A to ;^ 


.56 


4 


Atoi^ 


2.55 


1 


A to ;i 


.64 


4^ 


Atoi>^ 


2.68 


lyi 


Ato 7^ 


.72 


4X 


Atoi>^ 


2.71 


IX 


Ato ;i 


.80 


4f^8 


Atol>^ 


2.79 


i>« 


Ato n 


.88 


4>^ 


Atoi>^ 


2.87 


IVz 


Atoi 


.96 


4^ 


Atoi>^ 


2.96 


1^ 


Atoi 


1.08 


4.H 


Atoi>^ 


8.08 


i?< 


Atoi 


1.11 


m 


Atoi>^ 


8.11 


m 


Atol 


1.20 


5 


TVto2X 


8.19 


2 


Atoi 


1.28 


5>| 


Atoi>^ 


8.27 


2X 


Atoi 


1.44 


6^ 


Atol>^ 


8.35 


m 


Atoi 


1.51 


5^8 


Atol>^ 


8.48 


3K 


Atoi 


1.59 


5>^ 


Atoi>^ 


8.61 


a>i 


Atoi 


1.67 


5H 


Atoi>^ 


8.59 


2^ 


Atoi 


1.75 


5^ 


Atoi>^ 


8.67 


8 


Atoi^ 


1.91 


5% 


Atoi^ 


8.76 


zyi 


Atoi^ 


1.99 


6 


Ato2X 


8.88 


3X 


Atoi^ 


2.07 


7 


Ato2X 


4.46 


8?< 


Atoi|( 


2.15 


8 


T\to2X 


5.10 


3K 


'Atoi^ 


2.23 









HALF ROUNDS 



H^ 11. p. A. ff, ^> H> ff. «» A» 4f >^. f4. H. 

ii> H. k i*. fj. n^ i*. It» 1. lA. i>^. IX. iKs. i>^ 

IX. 2, 2>^, 8 
For weights take half of those for corresponding rounds 



Size 
Indies 


bounds 


8ise 
Inches 


Weight 
per Foot 
Pounds 


Size 
Inches 


Weight 
per Foot 
Pounds 


Sise 
Inohes 


Weight 
per Foot 
Pounds 




1.50 

1.20 

.90 


Xx^8 


.78 
.75 
.60 


^x^ 


.42 

.507 

.36 


>^x^ 


.50 
.50 
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DIMENSIONS AND WEIGHTS OP 




CARNEGIE BARS-Continued 




FLAT OVALS 




Sin 
InehM 


S£ 


Sue 
Inches 




Sin 
Isohei 


per Foot 


1^x1 


6.22 


1^x1 


5.66 


2x1 


6.07 


l|<xl>i 


' 6.18 


i;^xl>^ 


6.44 


2xl>| 


6.73 


ll^xljii 


' 7.14 


l^^xlX 


7.24 


2x1^ 


8.06 


ROUND OVALS | 


SiM 
InfihM 


nondi 


Sin 
Infihet 


Weight 
per Foot 
Poonds 


2x1^ 


8.01 


2AxlA 


9.12 


ROUND eOCB FLATS 


aw 

lukw 


Weight 
per Foot 
Ponnds 


Sin 

IncliM 


JS' 


Sin 
Isohei 


Vdrht 
per Foot 


Sin 
Inohet 


Wekht 
per ftot 


1 X A 


.61 




2.46 


lf:t 


3.21 


2^x 


* 


8.96 


1 X >? 


.81 


2.79 


8.65 


^H^ 


4.50 


I xS 


.99 
1.16 


l^x A 


8.11 
8.43 


li'ls 


4.07 
4.50 


2U^ 
2^x 


t 


6.02 
6.65 


1 X A 


1.35 


l^x« 
mx M 


8.74 


2Xx H 


4.92 


2^x 


H 


6.07 


IXx ^ 


.77 


4.05 


2Xx H 


6.38 


2^x 




6.60 


l><x U 


1.02 




4.85 


2Xx H 
2Xx H 


5.74 


2^x 


n 


7.10 


IXx A 
IXx ?l 


1.25 


4.66 


6.14 


2^x 


7.61 


1.49 


l^x i 


4.94 


2Xx if 


6.58 


2^x 


H 


8.11 


IXx A 


1.71 


l|<xl 


6.28 


2Xxl 


6.92 


2^x1 




8.62 


l^x ^ 


1.28 


2 x X 


1.66 


2>^x X 


2.08 


8 x 


% 


2.60 


18:: 1^ 


1.62 


I :S 


2.04 


2>^x A 


2.68 


8 x 


t 


8.11 


1.81 


2.45 


2>^x fs 


8.08 


8 X 


8.72 


18x* 


2.09 
2.87 


i :ft 


2.88 
3.22 


2Kx^ 
2>^x >^ 


8.58 
4.07 


8 X 
3 X 


t 


4.81 
4.91 




2.64 
2.90 


1 'A 


8.69 
8.96 


2>^x A 
2Kx ^ 


4.55 
6.02 


8 X 
8 X 


t 


5.50 
6.09 


l>^x ii 


8.16 


2 X ii 


4.82 


2Kx H 


6.49 


8 X 


H 


6.67 


l>^x 1^ 


8.41 


2 X H 


4.69 


2}4x H 


6.97 


8 X 


H 


7.25 


l>^x ^ 


8.65 


1 :« 


6.04 


2>^x ^ ^.42 1 


8 X 


8 


7.80 


l>^x ;^ 


8.90 


5.89 


2>^x ^ 


6.87 


8 X 


8.86 


l>^x if 


4.14 


% X « 


5.78 


2>^x « 


7.82 


8 X 


H 


8.91 


l^^xl 


4.37 


2 xl 


6.07 


2>^xl 


7.77 


3 xl 




9.47 


l^x X 


1.45 


2Xx X 


1.87 


2Xx X 


2.29 




, . 






1.79 


2Xx A 
2Xx H 


2.81 


2Xx A 

2Xx ^ 


2.84 






.... 


2.18 


3.76 


8.40 






.... 


1 
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UST or EXTREME SIZES OF RECTANGULAR 

PLATES ROLLED BY CARNEGIE 

STEEL COMPANY 

SHEARED PLATES 



¥idth, InfihM 



120 118 115 112 110 108 105 100 96 M 84 80 76 72 64 56 



480 
500 
500 
500 
500 
500 
500 
500 
480 
450 
480 
880 
850 
810 
800 

Plates of greater dimensions than shown in the above table may be 
submitted for special consideration. 

For intermediate widths not shown, use the dimensions of the next 
greatest width in the above table. 

UNIVERSAL MILL PLATES 





Width. Inohfls 


lUeknMt 
Inchei 


48-46 


4&41 


40-36 


35-31 


30-26 


25-21 


20-17 


16-15 


14-11 


10-7 


Inolu- 


Inda- 


Inola- 


Inolu- 


Indtt- 


Inclu- 


Inclu- 


Inclu- 


Inoiu- 


Ineltt- 




siT* 


SiT* 


siTe 


ure 


siTe 


sire 


siTe 


lire 


SiT* 


8iT« 


u 












640 


640 


640 


640 


640 


X 


. • . • 


• . . . 


«• • . 


480 


480 


600 


600 


600 


600 


600 


a| 


840 


840 


960 


1060 


1060 


1800 


1800 


960 


900 


840 


g 


060 


960 


960 


1060 


1060 


1800 


1800 


960 


900 


840 


960 


960 


1080 


1080 


1140 


1140 


1140 


1020 


1020 


B40 


JL 


960 


960 


1060 


1080 


1080 


1060 


1060 


1020 


1020 


840 


71 


960 


960 


960 


960 


1080 


1020 


1020 


1020 


1020 


840 


g 


780 


780 


780 


780 


780 


900 


960 


960 


900 


840 


600 


600 


600 


600 


780 


840 


960 


960 


900 


840 




490 


480 


480 


640 


600 


780 


900 


960 


900 


840 


lt4 


860 


860 


480 


480 


480 


720 


780 


780 


840 


840 


]^ 


834 


824 


860 


480 


480 


600 


780 


780 


840 


840 


fx 


884 


800 


800 


860 


860 


640 


600 


780 


840 


WO 


^TS 


800 


800 


800 


800 


860 


480 


600 


720 


840 


840 


1^ 


240 


240 


840 


840 


800 


800 


800 


660 


840 


840 


13^ 


840 


840 


840 


840 


800 


800 


800 


240 


• • • • 




\zc 


180 


180 


180 


180 


840 


840 


840 


180 


.... 






180 


180 


180 


180 


840 


840 


840 


180 







Plates of greater dimensions than shown in the above table may be 
•obmitted for special consideration. 

Both Sheared and Universal Mill Plates of extreme dimensions, M 
shown in the above tables, are subject to special prices. 
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CARNEGIE STEEL COMPANY 



LIST OF EXTREME SIZES OF RECTANGULAR 

8TBEL SHEETS h IN. AND LIGHTER ROLLED 

BY CARNEGIE STEEL COMPANY 



niofaun 


esinoh 


06 Inoh 


64 Ineh 


62 Inoh 


60 Ineh 


68In«h 


56 Ineh 


54 Ineh 


Tidth 


Width 


Width 


Width 


Width 


Width 


Width 


Width 


m ^U.a. 


160 


180 


180 


192 


216 


228 


240 


262 


160 


180 


180 


182 


186 


190 


196 


200 


•• 9. •♦ 


« • « • 


160 


160 


166 


172 


184 


190 


200 


••10. *• 


• « • • 


140 


145 


166 


160 


168 


176 


180 


-11. •• 


• • • • 


120 


130 


140 


150 


166 


165 


170 


••12. - 


.... 


108 


115 


124 


130 


140 


150 


100 


Ikkkness 


52 Inch 


50 Inch 


48 Inoh 


44 Ineh 


40 Ineh 


86 Ineh 


24 Ineh 




Width 


Width 


Width 


Width 


Width 


Width 


Width 




A 


264 


288 


800 


816 


360 


360 


860 




Ik 8. B.W.G. 


212 


224 


240 


240 


264 


264 


264 


.... 


•• 9. •• 


212 


220 


224 


236 


248 


248 


248 


.... 


••10. •• 


196 


200 


212 


212 


212 


212 


212 




••11. •• 


180 


186 


192 


196 


200 


200 


200 


• . . • 


••12, " 


170 


176 


180 


180 


180 


180 


180 





LIST OF EXTREME SIZES OF CIRCULAR 

PLATES ROLLED BY CARNEGIE 

STEEL COMPANY 



Bktaussia 


JUameterin 


Thiolmessin 


Diameter in 


IlChM 


Inehei 


InehM 


Inches 


!4 


102 


}i 


120 


•h 


108 


{i 


120 


H 


110 


n 


120 


i 


115 


1 


120 


115 


\H 


112 


t 


115 


IX 


112 


120 


i>i 


112 


« 


120 
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MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 

I-BEAMS 





h 




Fluige 


Width 


WebThiAkiMS 


1 




Weirht 
perToot 
Toimds 










Seotion 










•g 


Index 


1- 


Indies 

andBeeinul 

Parts 


Inches 

andfmtioDJa 

Pkrts 


Dedmia 

Parts of 

Inch 


Fractional 

Furtsof 

Ineh 


^ 
f 


B 1 


24 


100.00 
95.00 
90.00 
85.00 
80.00 


7.264 
7.198 
7.181 
7.070 
7.000 


I'' 


.754 
.692 
.681 
.670 
.600 


i 


1 


B 2 


20 


100.00 
95.00 
90.00 
86.00 
80.00 


7.284 
7.210 
7.187 
7.068 
7.000 


7^ 


.884 
.810 
.787 
.668 
.600 






2 


B 3 


20 


75.00 

70.00 

66.00 


6.899 

6.826 

6.260 


1 


.649 

.676 

.600 




2 


B80 


18 


70.00 

65.00 

60.00 

66.00 


6.269 

6.177 

6.096 

6.000 


6 


.719 

.687 

.555 

.460 


i 


3 


B 4 


15 


100.00 
95.00 
90.00 
85.00 
80.00 


6.774 
6.676 
6.677 
6.479 
6.400 


6 
6 
6 
6 
6 




1.184 

1.085 

.987 

.889 

.810 


a 


3 


B 6 


16 


75.00 

70.00 

65.00 

60.00 


6.292 

6.194 

6.096 

6.000 


6* 


.882 

.784 

.686 

.690 




3 


B 7 


16 


55.00 

50.00 

45.00 

42.00 


6.746 

6.648 

5.550 

6.600 




.656 

.558 

.460 

.410 


I 


3 


B 8 


12 


55.00 

60.00 

45.00 

40.00 


6.612 

6.489 

5.866 

6.260 


^1 
55I 


.822 

.099 

576 

.460 


jj 


4 



Weights in heavy print are standard, others are special 
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CARNEGIE STEEL COMPANY 



MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 

I-BEAMS-Contlnued 



B 9 



Bll 



B13 



B15 



B17 



B 19 



B21 



B23 



B77 



3. 

I 



12 



lO 



▼ekht 
per Foot 
Pounds 



85.00 
31.60 

40.00 

85.00 

80.00 

26.00 

85.00 

80.00 

25.00 

21.00 

25.50 

28.00 

20.50 

18.00 

20.00 

17.50 

16.00 

17.25 

14.75 

12.26 

14.75 
12.25 
9.76 

10.50 
9.50 
8.50 

7.60 

7.50 

6.50 

6.60 



flange Vidth 



Inohos 

and Beoimal 

Farta 



6.086 
6.000 

5.099 

4.952 

4.805 

4.660 

4.772 

4.609 

4.446 

4.380 

4.271 

4.179 

4.087 

4.000 

8.868 

8.768 

3.660 

8.575 

8.452 

3.330 

8.294 

8.147 

3;000 

2.880 

2.807 

2.788 

2.660 

2.521 

2.423 

2.380 



Inohea 

andFraotkoal 

Parta 



2% 



VebThioknaaa 



BooiBial 

Parta of 

Inok 



.486 
.360 



.455 
.310 

.782 

.569 

.406 

.290 

.541 

.449 

.857 

.270 

.458 

.853 

.260 



.475 

.a52 

.230 

.504 

.857 

.210 

.410 

.337 

.263 

.190 



.170 



Fractional 

Parta of 

Inok 



ft 



II 



Weig^hts in heavy print are standard others are special 
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MINIMUM, MAXIMUM AND INTERMEDIATE 






WEIGHTS AND DIMENSIONS 








OF CHANNELS 






1 


▼tight 


nangeWidth 


WtblUekiuii 


Ifl 


«? 


P 


Iii0h« 

and Bedmal 

Ikrte 


iBflhM 

aadrnetianal 
Ikrte 


Dednua 

Bute of 

Inok 


FnetioDia 
Bute of 


|i 


CI 


16 


65.00 
60.00 
45.00 
40.00 
85.00 

saoo 


8.818 
8.720 
8.622 
8.624 
8.426 

a4oo 


811 
8|f 

1 


.818 
.720 
.622 
.624 
.426 
i400 






6 


ca 


12 


40.00 
85.00 
80.00 
25.00 
20.6O 


8.418 
8.296 
8.178 
8.060 
2.940 


8 

1 


.768 
.686 
.618 
.890 
.280 




r 


6 


C8 


10 


85.00 
80.00 
25.00 
20.00 
15.00 


8.188 
8.086 
2.889 
2.742 
2.600 


{ 

2 
2 
2 




.am 

.676 

.629 

.882 

.240 


i 




6 


C4 


9 


25.00 
20.00 
15.00 

ia26 


2.815 

2.662 

2.488 

2.480 


2 
2 
2 


: 


.616 

.462 

.288 

.230 






6 


C6 


8 


21.25 
18.75 
16.25 
18.75 
11.26 


2.622 
2.580 
2.489 
2.847 
2.260 


2I 


.682 
.490 
.899 
.807 
.220 


1 




7 


ce 


7 


19.75 
17.25 
14.75 
12.25 
9.76 


2.518 
2.406 
2.808 
2.198 
2.090 


21 
2 
2 

2 ! 
2i 


.688 
.628 
.428 
.818 
.210 


j 


7 


C7 


6 


15.60 
18.00 
10.60 
8.00 


2.288 

2.160 

2.088 

1.920 


1 


.668 

.440 

.818 

.200 


1 


7 


C8 


6 


11.60 
9.00 

e.6o 


2.087 

1.890 

1.760 


11 


.477 

.880 

.190 


8 


7 


C8 


4 


7.26 

6.25 

6.26 


1.726 

1.662 

1.680 


X 


.825 

.262 

.180 


5; 


7 


072 


8 


6.00 

6.00 

4.00 


1.600 

1.604 

1.410 


va 


.862 

.264 

.170 


H 


7 




Weig 


hta in heavy print are standard, others are special 
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CARNEGIE STEEL COMPANY 



MINIMUM AND MAXIMUM WEIGHTS AND DIMEN- 
SIONS OF CAR-TRUCK AND SHIP- 
BUILDING CHANNELS 



Section 
Index 



C 20 
C109 
C120 
C180 
C140 
C160 
C160b 

C160 
C170 



Depth 
o7 

Chan- 
nel 

Inehet 



¥ei|^t per Foot 
ron 



^onds 



Min. 



18 
6 
7 
8 
9 
10 
10 



82.0 
15.0 
20.9 
28.8 
28.6 
27.2 
21.8 



60.0 

23*3 
26.6 
84.7 
30.6 



PUnge Width 
Inches 



Min. 



4.00 
3.60 
3.46 
3.60 
8.80 
8.60 
3.38 



Max. 



4.42 

3.66 
3.60 
4.00 
3.60 



WebThieknen 



Min. 



.88 
.86 
.46 
.60 
.46 
.60 
.88 



Max. 



.80 

!65 
.60 
.66 
.60 



Rolls not tnrned np for the followiair Channels 



10 
12 



31.8 
44.3 



86.9 
48.4 



8.85 
4.00 



4.00 
4.10 



.60 
.70 



.65 
.80 



IncreaMof 
Web and 

Flange for 
each lb. 

inoreaseof 
weight 



.028 

.042 
.087 
.088 
.029 



of 
Sec- 



029 I 9 
, .026 I 9 

t_ 



MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 

STANDARD Z-BARS 



Section 


Size, Inches 


Thickness 
of Metal 
Inches 


Weiriit 
per Foot 
Pounds 


Section 


Index 


Flange 


Web 


ruiig. 


Zl 


sy2 


6 

tii 




H 

t 


15.6 
18.3 
21.0 


10 


Z2 


It 


6 

in 


3H 

It 


i 


22.7 
25.4 
28.0 


10 


Z3 




6 


3>^ 




29.3 
81.9 
84.6 


10 


Z4 


3X 


5 


8X 
3^ 


ft 


11.6 
13.9 
16.4 


10 
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MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 

STANDARD Z-BARS -Continued 



8«eti<Bi 


SiM^Ixudiet 


TUeknen 
ofMeUl 
Inches 


We^ht 
perFoot 
founds 


P^^Ha 
Section 


iBdez 


Range 


¥eb 


PlMige 


Z5 


8j< 


5 

ft 


8j«r 

ft 


1 


17.9 
20.2 
22.6 


10 


Z6 


3X 
8^ 


5 

ft 


8X 

ft 




23.7 
26.0 
28.3 


10 


Z7 


8A 


ft 


ft 

3A 


1 


8.2 
10.8 
12.4 




Z8 


ft 

3A 


ft 


ft 

8A 




18.8 
15.8 
17.9 




Z9 


8A 


ft 


ft 

8A 


^ 

S 


18.9 
20.9 
23.0 




ZIO 


i» 


8 

3A 


8J 


A 


6.7 

8.4 




Zll 


» 


8 
8A 


» 


1^ 


9.7 
11.4 




Z12 


IS 


8 

8f» 


8! 




12.5 
14.2 





WEIGHTS AND DIMENSIONS OF SPECIAL 
Z-BARS 



Section 


Size, Inches 


Thickness 
of Metal 
Inches 


Per*¥oot 
Pounds 


Page Ho. 


Index 


FlMige 


Veb 


Flange 


of 
Section 


Z13 
Z19 


3 


6 

1^ 


8 


g 


14.5 
3.5 


12 
12 
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CARNEGIE STEEL COMPANY 



MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 

ANGLES 

EQUAL LEGS 



Index 


8iM 

InoliM 


|3 


¥ei£lit 


Am 
Square 


Seetion 


SiM 

InflhM 


II 


Wtkkt 


Am 

Squn 


A118 


8 


x8 


IX 


66.9 


16.78 


*A 14 


5 x6 


$ 


18.1 


6.81 


A112 


8 


x8 


iiV 


54.0 


15.87 


*A 15 


5 x6 


16.2 


4.76 


Alll 


8 


x8 


1 


51.0 


15.00 


*A 16 


5 x6 


i 


14.8 


4.18 


Alio 


8 


x8 


If 


48.1 


14.12 


*A 17 


5 x6 


12.8 


8.61 


A109 


8 


x8 


45.0 


18.28 












A108 


8 


x8 


if 


42.0 


12.84 












A.107 
A106 
A105 
A104 
A103 


8 
8 
8 
8 
8 


x8 
x8 
x8 
x8 
x8 


I 


88.9 
85.8 
82.7 
29.6 
26.4 


11.44 

10.58 

9.61 

8.68 

7.75 


A 18 
A 19 
A 20 
A 21 
A 22 


4 x4 
4 .x4 
4 x4 
4 x4 
4 x4 




19.9 
18.5 
17.1 
16.7 
14.8 


6.84 
6.44 
6.08 
4.61 
4.18 














A 28 


4 x4 


12.8 


8.75 














A 24 


4 x4 


5 


11.3 


8.81 


A 86 


6 


x6 


1 


87 4 


11.00 


A 25 


4 x4 


9.8 


2.86 


A 87 


6 


x6 


s 


85.3 


10.87 


A 90 


4 x4 


A 


8.2 


2.40 


A 1 


6 


x6 


88.1 


9.74 












A 2 


6 


x6 


H 


81.0 


9.09 












A 3 


6 


x6 


H 


28.7 


8.44 


A 26 


8>^x8>^ 


a 


17.1 


6.08 


A 4 


6 


x6 


*>} 


2rt.5 


7.78 


A 27 


3>^x8>^ 


^ 


16.0 


4.69 


A 5 


6 


x6 


24.2 


7.11 


A 28 


3>^x8>^ 


» 


14.8 


4.84 


A 6 


6 


x6 


^ 


21.9 


6.43 


A 29 


3>^x8>^ 


13.6 


8.98 


A 7 


6 


x6 


19.6 


5.75 


A 80 


3>^x8>^ 




12.4 


8.62 


A 8 
A 88 


6 
6 


x6 
x6 


i 


17.2 
14.9 


5.06 
4.86 


A 81 
A 82 


3Kx8>^ 
3Kx3K 


11.1 
9.8 


8.26 

2.87 














A 83 


3Kx8K 


8.6 


2.48 














A 99 


3Kx8>^ 


A 


7.2 


2.09 


*A 04 


5 


x5 


1 


80.6 


9.00 












*A 95 


5 


x5 


if 


28.9 


8.50 












*A 9 


5 


x5 


H 


27.2 


7.99 


A 84 


3 x8 


H 


11.5 


8.86 


*A 10 


5 


x5 




25.4 


7.46 


A 85 


3 x8 


* 


10.4 


3.06 


*A 11 


5 


x5 


H 


23.6 


6.94 


A 86 


3 x8 


9.4 


2.76 


♦A 12 


5 


x5 


3 


21.8 


6.42 


A 87 


3 x8 


ft 


8.8 


2.48 


♦A 13 


5 


x5 


20.0 


5.86 


A 88 


3 x8 


7.2 


2.11 



Angles marked * are special. 
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MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 

ANGLES ^Continued 

EQUAL LEGS 



J\ 40 

A 47 
A 48 
A 49 
A 50 
AlOO 



*A 51 
*A 52 
*A 58 
*A 54 
*A 55 
*A101 



A 56 
A 57 
A 58 
A 59 
A CO 



J5X2X;5>6 


^ 


Y.Y 


76. -^O 




2>^x2>^ 


i 


6.8 


2.00 




2>^x2>^ 


5.9 


1.73 




2^x2>^ 


i 


5.0 


1.47 


A 70 


2>^x2>^ 


4.1 


1.19 


A 71 


2>^x2>^ 


A 


8.1 


0.90 


A 72 
A 78 


2 X 


^ 


6.8 


2.00 




2 ^ 


t 


6.1 


1.78 


A 78 


3 ^ 


5.8 


1.55 


A 79 


2 14 


^ 


4.5 


1.81 


A 80 


2 ^ 


8.7 


1.06 




2 X 


A 


2.8 


0.81 


*A 81 
*A 82 


2 x2 


^ 


5.8 


1.56 




2 x2 


4.7 


1.36 




2 x2 


{ 


4.0 


1.15 




2 x2 


8.2 


0.94 


A 83 


2 >2 


A 


2.5 


0.72 


A 84 





1 






1l 
I 


4.6 
4.0 
8.4 
2.8 
2.2 






8.4 
2.9 
2.4 
1.8 

i.a 


iXxiX 
iXxiX 
iXxiX 
iXxiX 


1 


2.4 
2.0 
1.5 
l.l 


1 xl 
I xl 
1 xl 




1.5 
1.2 
0.8 




ft 


1.0 
0.7 


H*^ 
^x ^ 


ft 


0.9 
0.6 



1 80 
1 17 
1.00 
0.81 
0.62 



0.99 
0.84 
(».69 
0.58 
0.36 



0.69 
56 
0.43 
0.80 



44 
34 
0.24 



O.20" 
21 



25 
0.17 
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CARNEGIE STEEL COMPANY 


MINIMUM, MAXIMUM AND 


NTERMEDIATE 




WEIGHTS AND DIMENSIONS | 




OF ANGLES 






UNEQUAL LEGS 




Saetioa 
IniUz 


8iM 
InohM 




m 


im 
Square 
IiukM 


8«6tian 
Index 


Site 
Inches 


II 


HI 


im 
Sqoart 
Indies 


*A140 


8 


x8>^ 


H 


20.5 


6.02 


A170 


6 


x3K 


a 


24.0 


7.06 














A171 


6 


x3>^ 


H 


22.4 


6.56 


*A150 
*A151 
*A162 
*A153 
»A154 
♦A165 


7 
7 
7 
7 
7 
7 


x3>^ 
x8>^ 
x8/^ 


'! 


82.3 
30.5 
28.7 
26.8 
24.9 
23.0 


9.50 
8.97 
8.42 
7.87 
7.31 
6.75 


A172 
A173 
A174 
A175 
A176 
A177 


6 
6 
6 
6 
6 
6 


x3^ 
x3>^ 
x3>^ 
x3>^ 
x3>^ 
x3>^ 




20.6 
18.9 
17.1 
15.3 
13.5 
11.7 


6.06 
6.55 
6-08 
4.50 
8.97 
8.42 


♦A166 


7 


x8>^ 


21.0 


6.17 














♦A157 


7 


x8>^ 


ii 


19.1 


5.59 














♦A168 


7 


x8>^ 


17.0 


5.00 


*A178 


5 


x4 


^ 


24.2 


7.11 


♦A159 


7 


x3>^ 


A 


15.0 


4.40 


*A179 


5 


x4 


n 


22.7 


6.65 














*A180 


5 


x4 


21.1 


6.19 


A 89 
A 91 
A160 
A161 
A162 
A163 


6 
6 
6 
6 
6 
6 


x4 
x4 
x4 
x4 
x4 
x4 




30.6 
28.9 
27.2 
25.4 
23.6 
21.8 


9.00 
8.50 
7.99 
7.47 
6.94 
6.41 


*A181 
*A182 
*A183 
*A184 
*A185 
*A186 


5 
5 
5 
5 
5 
5 


x4 
x4 
x4 
x4 
x4 
x4 


1 


19.5 
17.8 
16.2 
14.5 
12.8 
11.0 


6.72 
5.28 
4.76 
4.25 
8.76 
8.28 


Al64 


6 


x4 


20.0 


5.86 














A166 


6 


x4 


S 


18.1 


5.31 














A166 


6 


x4 


16.2 


4.75 


A187 


5 


x3>^ 


H 


22.7 


6.67 


A167 


6 


x4 


ft 


14.3 


4.18 


A188 


5 


x3>^ 


« 


21.3 


6.25 


A168 


6 


x4 


12.3 


3.61 


A189 


5 


x3>^ 


^ 


19.8 


5.81 














A190 


5 


x3>^ 


)t 


18.3 


6.87 














A191 


5 


x3>^ 


16.8 


4.92 


A 92 


6 


x8K 


1 


28.9 


8.50 


A192 


5 


x3>^ 


t 


15.2 


4.47 


A 93 


6 


x3>^ 


S 


27.3 


8.03 


A193 


5 


x3>^ 


13.6 


4.00 


A169 


6 


x3>^ 


25.7 


7.55 


A194 


5 


x3>^ 


A 


12.0 


8.53 
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40 



MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 

ANGLES-Continu«d 

UNEQUAL LEGS 



SMtion 
Index 


SiM 
InohM 


11 


m 


im 
Square 
Inches 


Section 
Index 


Sue 
InohM 


I's 


HI 


Area 
SqiutrM 
Inches 


A195 


5 x8K 


H 


10.4 


8.05 


*A216 


4 x8>^ 


tV 


13.8 


8.90 


A 96 


5 x8>^ 


A 


8.7 


2.56 


*A217 


4 x3>^ 


% 


11.9 


8.50 












*A218 


4 x8K 


t 


10.6 


8.09 












*A219 


4 x8>^ 


9.1 


2.67 


A196 


5 x3 


+1 


19.9 


5.84 


*A 98 


4 x3>^ 


A 


7.7 


2.25 


A197 


5 x8 


¥ 


18.5 


6.44 












A198 


5 x8 


ii 


17.1 


5.08 












A199 


5 x8 


4 


15.7 


4.61 


A220 


4 x8 


H 


17.1 


5.08 


A200 


5 x8 


Vrr 


14.8 


4.18 


A221 


4 x3 


H 


16.0 


4.69 


A201 


5 x8 


5? 


12.8 


8.75 


A222 


4 x8 


« 


14.8 


4.84 


A202 


5 x8 




11.8 


8.81 


A223 


4 x8 


18.6 


8.98 


A208 


5 x8 


3I 


9 8 


2.86 


A224 


4 x8 


t 


12.4 


8.62 


A280 


5 x8 


A 


8.2 


2.40 


A225 


4 x8 


11.1 


8.25 










A226 


4 x8 


fi 


9.8 


2.87 












A227 


4 x3 


8.5 


2.48 


*A204 


V/zxS 


H 


18.5 


5.48 


A228 


4 x8 


A 


7.2 


2.09 


♦A205 


4>^x8 


^ 


17.8 


5.06 












♦A206 
*A207 
*A208 
♦A209 
*A210 
*A211 
*A 97 


4>^x8 
4>^x8 
4>^x8 
4>^x3 
4>^x3 
4^x3 
4>^x3 


1 


16.0 
14.7 
18.8 
11.9 
10.6 
9.1 
7.7 


4.68 
4.80 
8.90 
8.50 
8.09 
2.67 
2.25 


A229 
A280 
A281 
A282 
A283 
A284 
A285 


8^x8 
8>^x3 
8>^x8 
8>4x3 
8>^x3 
8>^x8 
3>^x8 


! 


15.8 
14.7 
18.6 
12.5 
11.4 
10.2 
9.1 


4.62 
4.81 
4.00 
8.67 
8.84 
8.00 
2.65 












A286 


8>^x8 


7.9 


2.30 


*A212 


4 x8>^ 


H 


18.5 


5.48 


A287 


8>^x3 


A 


6.6 


1.98 


♦A218 


4 x3K 


H 


17.3 


5.06 












♦A214 


4 x8>^ 


^ 


16.0 


4.68 


A288 


8Mx2K 


}} 


12.5 


8.65 


♦A216 


4 x8>^ 


14.7 


4.80 


A289 


8>^x2>^ 


11.5 


8.86 



Angles marked ♦ are special 
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CARNEGIE STEEL COMPANY 



MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 

ANGLES- Continued 

UNEQUAL LEGS 



Section 
Index 


Sise 
Inches 


i's 


HI 


Am 
Sqotre 
Inches 


Section 
Index 


Sise 
Inches 


3*8 


HI 


Am 
Square 
Inches 


A240 


3>^x2^ 


A 


10.4 


3.06 


*A261 


8 x2 


A 


5.0 


1.47 


A341 


3>^x2>^ 


^ 


9.4 


2.75 


*A262 


8 x2 


X 


4.1 


1.19 


A242 


3Kx2>^ 


i 


8.8 


2 48 












A243 


3>^x2K 


7.2 


2.11 












A244 


S'Ax2yi 


A 


6.1 


1.78 












A245 


3>^x2>^ 


X 


4.9 


1.44 


A264 


2>^x2 


>i 


6.8 


2.00 












A265 


2>^x2 


ft 


6.1 


1.78 












A266 


2>^x2 


6.8 


1.55 












A267 


2>^x2 


A 


4.5 


1.31 


*A246 


3Xx2 


S 


9.0 


2.64 


A268 


2>^x2 


X 


3.7 


1.06 


*A247 


3Xx2 


8.1 


2.88 


A269 


3>^x2 


A 


2.8 


0.81 


*A248 


8Xx2 


i 


7.2 


2.11 












*A249 


3Xx2 


6.3 


1.83 












*A250 


3Xx2 


5 


6.3 


1.64 












*A251 


3Xx2 


4.3 


1.25 


*A270 


2Xxl>^ 


H 


6.6 


1.63 












*A271 


2Xxl>^ 




6.0 


1.45 












*A272 


2Xxl>^ 


4.4 


1.27 












*A273 


2Xxl>^ 


A 


3.7 


1.07 


A252 


3 x2>^ 


i 


9.6 


2.78 


*A274 


2Xxl>^ 


K 


3.0 


0.88 


A258 


3 x2}4 


8.6 


2.50 


*A275 


2XxlK 


A 


2.8 


0.67 


A254 


3 x2>^ 


^ 


7.6 


2.22 












A255 


3 x2>^ 


6.6 


1.92 












A256 


8 x2>^ 


* 


6.6 


1.62 












A267 


3 x2>^ 


4.5 


1.81 


*A276 


2 xl^ 


X 


2.7 


0.78 












*A277 


2 Xl^8 


A 


2.1 


0.60 


*A258 


3 x2 


'A 


7.7 


2.25 












*A269 


3 x2 


* 


6.8 


2.00 


*A278 


l^^xl 


X 


1.9 


0.63 


*A260 


3 x2 


6.9 


1.78 


*A279 


1^x1 


>i 


1.0 


0.28 
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MINIMUM, MAXIMUM AND INTERMEDIATE 

WEIGHTS AND DIMENSIONS OF 

SPECIAL ANGLES 

SQUARE ROOT 



Saotion 
Index 


Site 
Indies 


Thickness 
of Met&l 
Inolies 


VeigM 
nerFoot 
Pounds 


Section 
Index 


Size 
Inches 


Thickness 
of Metal 


▼eight 
nerfoot 
Pounds 


A350 


4 x4 


X 


18.6 


A885 


2Xx2X 


H 


5.8 


A351 


4 x4 


n 


17.1 


A886 


2Xx2X 


i 


4.5 


A352 


4 x4 


15.7 


A887 


2Xx2X 


3.7 


A358 


4 x4 


i 


14.8 










A854 


4 x4 


12.8 


A888 


2 x2 


ft 


5.3 


A355 


4 x4 


ft 


11.3 


A889 


2 x2 


4.7 


A366 


4 x4 


9.8 


A890 


2 x2 


5 


4.0 










A391 


2 x2 


8.3 


A857 


Sy2xSH 


H 


16.0 










A358 


8>^x8>^ 


8 


14.8 


A892 


iXxiX 


ft 


4.6 


A859 


8>^x8>^ 


18.6 


A898 


iXxiX 


4.0 


A860 


8>^x8>^ 


§ 


12.4 


A394 


ixxii^r 


i 


8.4 


A361 


8>^x8>^ 


11.1 


A895 


iXxiX 


2.8 


A862 


8>^x8>^ 


^ 


9.8 










A868 


8^x8>^ 


H 


8.5 


A896 


l>^xlX 


H 


8.4 










A897 


l>^xl>^ 


5 


2.9 


A864 


8 x8 


H 


11.5 


A898 


l>^xl>^ 


2.4 


A865 


3 x8 


§ 


10.4 


A899 


iVzy^iyi 


A 


1.8 


A366 


8x8 


9.4 










A867 


3 x8 


ft 


8.8 


A400 


lX^t}< 


« 


2.4 


A368 


8 x8 


7.2 


A401 


l><xlX 


2.0 


A869 


8 x8 


A 


6.1 


A402 


iXxiX 


ft 


1.5 


A870 


8 x8 


X 


4.9 


A408 


iXxiX 


1.1 


A871 


2>rx2K 


}i 


8.5 


A406 


l>^xlM 


X 


1.7 


A372 
A878 


2^x2^ 


ft 


7.6 
6.6 


A407 
A408 




ft 


1.8 
0.9 


A874 


2^x2^ 


s 


5.6 


A430 


lyVx H 


A 


1.1 


A876 
A876 
A877 


2^x2^ 
2>^x2K 
2>^x2K 


i 


7.7 
6.8 
5.9 


A409 
A410 
A411 


1 xl 
1 xl 
1 xl 


1 


1.5 
1.2 
0.8 


A378 


2Kx2>^ 


A 


5.0 


A412 


^x ^ 


A 


1.0 


A879 


2>^x2>^ 


X 


4.1 


A418 


H^ H 


H 


0.7 


A888 


2^x2^ 


>^ 


6.8 


A414 


Xx X 


^ 


0.9 


A884 


2Xx2X 


A 


6.1 


A415 


Xx X 


0.6 
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WEIGHTS AND DIMENSIONS OF CARNEGIE TEES 
EQUAL LEGS 





Sis^InohM 


ThkkiiM8ofleU],InehM 






8«)tion 








iti 


v^u 


Index 










SeotuA 




nugo 


stem 


n«g. 


stem 






T 1 


4 


4 


>^toA 


^ toA 


13.9 


18 


T 2 


4 


4 


Hto^ 


^toA 


10.9 


18 


T 8 


8>^ 


8>^ 


>^toA 


>^toA 


11.9 


18 


T 4 


S)4 


8>^ 


^^to^a^ 


^toA 


9.8 


18 


T 6 


8 


8 


>^toA 


>^toA 


10.1 


18 


T 7 


8 


8 


Ato^ 


Ato>^ 


9.0 


18 


T 8 


8 


8 


^toA 


^toA 


7.9 


18 


T 9 


8 


8 


Ato^ 


Ato^ 


6.8 


18 


TIO 


2}i 


2>^ 


^to A 


^to A 


6.6 


18 


Til 


2>^ 


2^ 


Ato^ 


Atoji 


6.6 


18 


T12 


2X 


2X 


Ato^ 


Ato^ 


6.0 


18 


T18 


2X 


2X 


XtoA 


XtoA 


4.2 


18 


T14 


2 


2 


Ato^ 


Ato^ 


4.4 


18 


T16 


2 


2 


XtoA 


XtoA 


8.7 


19 


Tie 


tH 


IX 


XtoA 


Xto A 


8.2 


19 


T17 


tyi 


t% 


XtoA 


Xto A 


2.6 


19 


T18 


tyi 


IH 


A to A 


A to A 


2.0 


19 


T19 


IX 


IX 


XtoA 


Xto A 


2.1 


19 


T20 


IX 


IX 


A to A 


A to A 


1.7 


19 


T21 


1 


1 


A to A 


A to A 


1.8 


19 


T22 


1 


1 


>^to A 


>^toA 


1.0 


19 



y Google 



CAKNBGIB STEEL COMPANY 



44 



WEIGHTS AND DIMENSIONS OF CARNEGIE TEES 
UNEQUAL LEGS 



8«6ti01l 


SiM^Inehes 


nkbmsofa<lal,IiuliM 


TdgU 


Pagelo. 


Index 


nug. 


Stm 


Itaig. 


Stm 


Seetioii 


T50 
T61 


6 
6 


8 

2}i 




ifto ji 

Atofi 


13.6 
11.0 


20 
20 


T52 
T68 
T64 
T55 
T66 


4>^ 
4^ 
4>^ 
4^ 
4^ 


8 

2^ 


A to A 
A to jl 

>lto A 
Atojl 

^toA 


Hto;< 
Atofi 

?|to A 
Ato^ 

>|to A 


15.9 
8.6 

10.0 
8.0 
9.8 


20 
20 
20 
20 
20 


T67 
T68 
T59 
T60 
T61 


4 
4 
4 
4 
4 


6 
6 


^toA 
?<to A 
^to A 
?< to A 
?< to A 


gtoA 


15.7 
12.8 
14.8 
11.6 
9.8 


20 
21 
21 
21 
21 


T62 
T68 
T64 
T65 


4 
4 
4 

4 


2 


?< to A 
AtoM 

jItoA 
Ato^ 


H to A 
Atojl 

?itoA 

AtoH 


8.7 
7.4 
7.9 
6.7 


21 
21 
21 
21 


T66 
T67 
T69 
T70 
T71 


8^ 
8^ 
8^ 
8^ 
8j4 


4 
4 
8 
8 
3 


KtoA 
?<to A 
^to A 
?<to A 
Ato^ 


rtoS 

^t^oA 


12.8 

10.0 

11.0 

8.7 

7.7 


22 
22 
22 
22 
22 


T72 
T73 


8 
8 


4 
4 


>^to A 
iVto^ 


^ toA 
A to }4 


11.9 
10.6 


22 
22 
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WEIGHTS AND DIMENSIONS OF CARNEGIE 
TEES— Continued 

UNEQUAL LEGS 



SMtion 


Sixe, Inohes 


Thickness of Metal, Inches 


per Foot 
bounds 


PN^^Io. 


Index 


Flange 


Stem 


Flange 


stem 


Section 


T74 


8 


4 


^toA 


^toA 


9.8 


22 


T76 


8 


8j4 


>^toA 


>^toVi 


11.0 


22 


T76 


8 


8>4 


Ato>^ 


Ato>^ 


9.8 


22 


T77 


8 


8>^ 


KstoA 


^toA 


8.6 


22 


T78 


8 


2>^ 


^toA 


HtoA 


7.2 


28 


T79 


8 


2^ 


Ato^ 


Ato^ 


6.2 


28 


T80 


^H 


2 


AtoH 


H 


7.4 


28 


T82 


2>^ 


8 


HtoA 


HtoA 


7.2 


28 


T88 


2H 


8 


Ato^ 


AtoKs 


6.2 


28 


T84 


^H 


2^ 


^ to^^ 


^toA 


6.8 


28 


T86 


^% 


2^ 


AtoH 


AtoKs 


5.9 


28 


T86 


2^ 


IX 


AtoA 


AtoA 


8.0 


28 


T87 


2 


1>^ 


XtoA 


Xto^ 


3.2 


28 



HAND-RAIL TEES 



Section 
Index 


Sise 
Inehes 


per Foot 
%ands 


Page Ho. 

of 
Section 


Section 
Index 


Sise 
Inches 


Weight 
per Foot 
Pounds 


Pagj^K. 
Section 


T154 


4>^x2A 


7.00 


19 


T156 


4x8 


11.80 


19 
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WEIGHTS AND DIMENSIONS OF CARNEGIE 
MISCELLANEOUS SHAPES 

TROUGH PLATES 



Section Index 


Sise 
Inches 


Thidmess of Metal 
Inches 


perFoiMoan^ 


^s.-' 


M 10 
M 11 
M 13 
M 18 
M 14 


9^x3^ 
9>^x3|< 
9>^x3|< 
9>^x3^ 
9>^x3^ 




16.3 
18.0 
19.7 
21.4 
23.2 


26 

• • • • 



CORRUGATED PLATES 





Sise 
Inches 


TUobiMtofHatal 
Indiu 


per Foot, Pounds 


ft«eIo.of 


M 80 


83«'xl>^ 


X 


8.1 


26 


M 31 


8?<xlA 


t 


10.1 


.... 


M 32 


12.0 


, 


M 38 


12A X 3^ 


H 


17.75 


26 


M 84 


12A X m 


i 


20.71 




M 35 


12ft X 2;^ 


28.67 






CHECKERED PLATES 



Section Index 


▼idth 
Inches 


Thiekness of Metal 
Inches 


Weight per 
Sq. Fo^t. Poonds 


Pa^e Ho. of 
Section 


M 51 
M 52 
M 58 
M 54 


34 
84 
84 
84 


^ 
t 


13.8 
16.8 
18.9 
21.4 


26 
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CONSTRUCTION DETAIL 

FIQ. I FIQ. 2 




q 




FIQ. 3 



FIQ. 4 






FIQ. 6 



FIQ. 6 




FIQ. 8 FIQ. 9 



a 



s> 

3) 



FIQ. 12 



FIQ. 13 



Fig. 14 



^ » 



FIQ. IS FIQ. 18 




vGOOgIt! 



CARNEGIE STEEL COMPANY 48 
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TYPES OF WIND BRACING 
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NOTES ON FOUNDATIONS 

In desigrning: the foundations of walls and piers of bnildiogs, when 
they rest upon a yielding stratum, proper provision must be made for 
the uniform distribution of the weight. In case the walls are of different 
thicknesses and heights, the widths of the foundations must be propor- 
tioned according to the different loads resulting therefrom, so that the 
bearing per tmit of ground area will be equal and a uniform settlement 
of the completed structure is insured. 

The introduction of timber beams as a means of obtaining wider 
bearing surfaces at the base is a practice to be strongly condemned, 
unless the wood is in a position to remain continually moist. Where 
this is not the case, the timber will soon rot away, thereby causing an 
unequal settlement of the walls which is very injurious, if not destructive, 
to the masonry. 

Rails imbedded in concrete are not open to this objection. They 
offer, however, comparatively little resistance to deflection, and for this 
reason, if allowed to project beyond the masonry to any considerable 
length, the concrete filling is liable to crack, and the strength of the 
foundation becomes impaired. 

I-beams, more recently used for this purpose, are found to be superior 
in every respect. A greater depth can be adopted, the deflection thus 
reduced to a minimum and a sufficient saving effected to more than 
compensate for their additional cost per pound. 

The foundation should be prepared (see illustrations pages 164, 166) 
by first laying a bed of concrete to a depth of from 4 to 12 inches and then 
placing upon this a row of I-beams at right angles to the face of the wall. 
In the case of heavy piers the beams may be crossed in two directions. 
Their distances apart, from center to center, may vary from to 24 in. 
according to circumstances, i. tf., length of their projection beyond the 
masonry, thickness of concrete, estimated pressure per square foot, etc 
They should be placed at least far enough apart to permit the introduc- 
tion of the concrete filling and its proper tamping between the beams. 
Unless the concrete is of unusual thickness, it will not be advisable to 
exceed 20 in. spacing, since otherwise the concrete may not be of 
sufficient strength to properly transmit the upward pressure to the 
beams. The most useful application of this method of founding is in 
localities where a thin and comparatively compact stratum overlies 
another of a more yielding nature. By using I-beams in such cases, the 
requisite spread at the base may be obtained without either pene- 
trating the firm upper stratum or carrying the footing-courses to such 
a height as to encroach unduly upon the basement-room. 
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CANTILEVERS 

In buildings where it is not desirable to undermine the 
adjoining property, or where the building laws do not permit 
of the foundations being carried under the same, cantilever 
girders are used to carry the columns next to the building line. 

Three different designs of cantilevers, as actually applied, 
are shown on page 63. Fig. 1 shows deep steel beams, used 
when the load on the columns resting oa the cantilever pro- 
duces such bending moments as can be taken up by the beams; 
it also shows a connection for the other end of the cantilever to 
an interior column. Evidently, the product obtained by multi- 
plying the load on the interior column by the distance from its 
center to the fulcrum foundation must be g^reater than that of 
the load on the wall column times its distance to the fulcrum 
foundation. Should it be less, the interior column must be 
anchored down to an especially designed foundation. 

The load on the fulcrum foundation is equal to the sum of 
the loads on the wall column and the reaction of the cantilever 
at the interior column. Fig. 2 shows a method of cantilever 
construction where it is not desirable to have a separate 
foundation under each column and a heavy box girder of suit- 
able design is used to transmit the various column loads to two 
independent foundations. 

The reaction on foundations due to the different column 
loads can be quickly determined by means of well-known 
formulae. 

In Fig. 8 is shown a special design which avoids the use of 
a continuous girder. 

The stresses in a continuous girder with supports fixed can 
be readily determined ; but as it is impossible to fix the sup- 
ports, i, e.f to prevent unequal settlement, this form of girder 

Digitizedby VjOOy I 



CARNEGIE STEEI* COMPANY 56 

should be avoided if possible. There are, however, conditions 
which make their application desirable. On the other hand, a 
simple cantilever admits of easy calculation and adapts itself 
to any slight settlements that may occur without materially 
affecting the reactions on the foundations or changing the 
stresses in the girder. 

An important feature in connection with cantilever con- 
struction is to adopt a pin support in place of resting the canti- 
lever beam directly on the top course of the foundation beams. 
For, if the cantilever rests directly upon the upper course of 
foundation beams without a pin support, the outer beam near- 
est the wall column will be strained more than any of the 
others, and thus the center of pressure will not be exactly in 
the middle of the foundation, as it should be. 

The extra cost involved in the two shoes and pin is very 
small as compared to the desirability of having the center of 
pressure in the center of the foundation. 

The shoes for ordinary loads and conditions are made solid 
of cast iron and the pin of steel. The height of each shoe 
should not be less than 6 in. and the pin 2>^ in. diameter. 
Each individual case should be figured by itself. 

The pin need be figured for bearing only, as it extends 
through the whole length of the casting. A clearance of % in. 
to 1 in. is given between the cast shoes, which are always 
faced, and the hole bored to suit the pin. 
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NOTES ON WIND BRACING 

On page 63 are shown two types of wind bracing used in 
btdldings. The tipper one shows the method of bracing usually 
applied where no openings such as doors and windows occur. 
This construction has adjustable diagonals properly fastened to 
the adjacent columns in the building. The horizontal compo- 
nents of the stresses in the diagonals are taken up by means 
of two latticed channel bars located in the floor system of the 
different floors. The vertical components are taken up by 
the columns themselves and must be added to the other loads 
to which the columns are subjected. In this calculation care 
should be taken to provide for such design as to avoid eccentric 
stresses on the columns. Should the design be such as to 
cause these stresses, the columns must be figured accordingly. 

If desirable, the diagonals may run through one floor 
and attach to the columns at the floors above and below the 
intermediate floor; thus in some instances passageways can 
be obtained. 

The other t3rpe of wind bracing shows what is known as 
portal bracing. This arch design recommends itself for use in 
buildings where the diagonal system cannot be applied on 
account of lack of room. It is usually placed between adja- 
cent columns in halls or passageways and extends from the 
foundations up, from floor to floor, to such a height that the 
stability of the building itself is sufficient to resist the assumed 
wind pressure. In general, wind bracing should be placed, 
if the building is square or nearly so, close to the comers ; if of 
a parallelogram shape, in the direction parallel with the least 
width and at such points as to equally divide the stresses in 
all the panels. In case neither of the above methods can be 
applied, brackets should be used at each floor level or a con- 
tinuous deep beam or girder carried all around the building. 
In either case the number of rivets fastening the columns and 
girders should be carefully figured, as upon the value of the 
resistance of these rivets, as well as the girders and brackets, 
depends the stability of the structure. In the last two men- 
tioned methods the columns will all be subject to a bending 
stress which should be added to the other loads of the columns. 
Besides this, they will be subject to vertical loads resulting 
from the resistance they offer to the overturning moment 
of the wind against the structure. 
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GIRDERS IN BUILDINGS 

In the design of a building, cases may occur where a single 
I-beam girder will not answer. It may be found desirable to 
increase the length of the spans so as to reduce the number of 
supporting columns to a minimum, or perhaps heavy concen- 
trated loads, such as columns, brick walls, etc., will render 
single I-beam girders inadequate. On page 47, Figs. 10 to 16 
inclusive, are shown various forms of girders that may be used 
in such cases. Where the ends of the girders rest upon the 
wall, steel bearing plates (Figs. 11 and 12) should be used to 
distribute the pressure over a greater surface and thereby pre- 
vent the crushing of the material in the wall directly under the 
girder. Standard wall plates are given on pages 177, 179 and 
181. In some cases a large, tough stone will answer without the 
plates (Fig. 10). but where the pressure is heavy, both plates 
and stone should be used (Fig. 12). 

The allowed pressure per square foot for first-class brick 
work should not exceed eleven tons and for ordinary masonry 
eighteen tons. 

For spanning openings in brick walls, girders composed of 
two or more I-beams connected by bolts and separators (Figs. 
12 and 15, page 47) are most commonly used. 

Where the bricks have been laid regularly, the probable line 
of rupture, if the girders should fail, will be found to be inside 
of the sides of an isosceles triangle whose base is the span and 
whose height is ^ of the span. In order to be entirely on the 
safe side, the weight of wall between vertical lines directly over 
the girder for a height equal to that of the triangle is fre- 
quently adopted as the load to be carried. It should be noted, 
however, that for green walls or walls having openings this 
rule does not apply. 

Placing the weight of brick work at 112 lbs. per cubic foot 
the weights per superficial foot for different walls are as f ouows 

For 9 in. wall 84 lbs. 

•• 18in. •• 121 " 

*• 18in. •* 168 •• 

'• 22in. ' 205 •* 

• 26ir . .24a 
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GENERAL NOTES ON FLOORS 

Examples of floor joists and their connections of common 
occurrence are shown on page 47, Figs. 1 and 2. Girders con- 
sisting of two I-beams or more, side by side, as in Figs. 12 and 
15, should be connected by means of bolts and cast-iron sepa- 
rators fitting closely between the flanges of the beams. The 
ofi&ce of these separators is, in a measure, to hold in position 
the compression flanges of the beams, preventing side deflec- 
tion or buckling, and to unite the two beams so as to cause them 
to act in unison as regards vertical deflection. Separators 
should be provided near the supports and at points where 
heavy loads are imposed, otherwise at regular intervals of from 
6 to 6 feet ; these are shown in Figs. 8 and 9. Complete tables 
for the weights of separators for I-beams are given on page 175. 

On page 47, Figs. 1 and 2 show different methods of con- 
necting beams with each other. Fig. 1 represents the floor 
beam coped to the girder and joined to it by means of a 
pair of connecting angles, which are usually riveted to the 
floor beam and bolted to the girder. Notes on standard sizes 
of these connecting angles for all sizes of I-beams and chan- 
nels are given with illustrations on page 178 to 186. Fig. 2 
shows the floor beam resting on shelf angles riveted to the 
girder. Stiffening angles are usually placed under these shelf 
angles to take up the bending in the same and should contain 
a sufficient number of rivets to take up the end reaction of the 
floor beam. This method is usually adopted to facilitate the 
work of erection when the girders are composed of two or more 
beams and of sufficient depth to allow the floor beam to abut 
against the girder without being coped. 

The Old method of constructing fireproof floors in buildings 
is by means of brick arches. These usually consist of a single 
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4 in. covirse of brick with a rise at the center of 8 or 4 in. and 
resting on the lower flanges of the I-beams against brick skew- 
backs. This method of construction is illustrated on page 48, 
Fig. 7. In case the floor is designed for very heavy loads, 
several courses of brick should be used. The floor beams 
should be placed about 5 or 6 ft., center to center. A con- 
venient device for centering the arches consists of wooden 
frames, called centers, suspended by iron hooks from the lower 
flanges of the beams and detachable on one side so that they 
may be shifted at pleasure as the work progresses. The space 
above the arches is filled with concrete in which are embedded 
wooden strips for securing the flooring. To finish the ceiling 
below, plaster is generally applied on the bottom of the arches 
directly to the brick work. The horizontal thrust of the arches 
is provided for by the Use of tie rods from ^ in. to % in. 
diameter spaced along the center line of the beams, or a little 
below, at regular intervals of from 6 to 7 ft. The thrust 
of these arches per lineal foot can be found by the formula 

1 5WL« 
T = -^-^5 , in which W is equal to the load per square foot, R 

the rise of the arch in inches and L the span in feet. The tie 
rods in the arch abutting against the wall are securely anchored 
to the wall ; an angle, channel or simply a wall plate can be 
used to support the arch and to properly distribute the load 
upon the wall. The weight of a fireproof floor of this descrip- 
tion, that is, of 4 in. brick arches, concrete and flooring, exclu- 
sive of the weight of the beams, will average about 70 lbs. per 
square foot. 

Corrugated sheets may be used instead of the brick arches. 
They are placed against the lower flanges of the I-beams and 
thus securely held in position while the space above is filled 
with grouting. Tie rods are used the same as in the previous 
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case. The distance between beams should be limited to 5 or 
6 ft. The corrugated sheets are usually left exposed below to 
form the ceiling, and are thus open to the objection that the 
moisture in the atmosphere may condense upon the surface of 
the sheets in sufficient quantities to drop into the room below. 
Ceilings of this kind should therefore be restricted in their 
use, or the sheets properly protected from contact with the air. 

Two modern types of fireproof floor construction which 
have grown in favor so rapidly as to be used now almost to the 
exclusion of all others are illustrated on page 48, Figs. 4 and 5. 
The arches in this case are formed of hollow blocks consisting 
of burnt fire-clay or similar refractory material. These are 
furnished by the manufacturers in a great variety of patterns 
and of a strength to meet the desired requirements. 

In regard to their composition, there may be said to exist 
two distinct varieties. 

In the first, known as hollow pottery, the material consists 
of burnt fire-clay and differs from the second variety, called 
•* porous earthenware," in being thinner, harder and more 
compact. 

In the second variety, the clay before it is burnt is mixed 
with sawdust and finely cut straw, which, being consumed 
during the process of burning, leaves the material in a finely 
honeycombed state. 

Figs. 4 and 5 on page 48 show two methods of construc- 
tion of hollow pottery and porous earthenware arches. The 
method illustrated by Fig. 4 is the later and better. 

Prom tests recently made, it appears that this latter con- 
struction gives the best results in regard to strength. This is 
evidently due to the fact that the full section of the material 
is placed in its most advantageous position to take the direct 
pressure coming thereon. 
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When used in floor construction both varieties of arches are 
backed to the depth of several inches with concrete in which 
are embedded wooden strips to which the floor planking is 
secured. The joints should be made radial and the blocks 
should be thoroughly cemented together. They are made to 
project about 1 inch below the bottom flange of the I-beams, 
which are further protected by the insertion of a thin strip of 
tile. The weight and cost of both hollow pottery and porous 
earthenware are about the same, and through their superior 
lightness they possess an important advantage over the brick 
arch. The saving in weight amounts to from 40 to 50 per cent. , 
thus warranting more economical proportions for the steel 
framing, while in other respects the cost of this construction is 
about the same. The weight of these arches per square foot of 
floor without plastering, concrete or flooring is about as follows : 

12 in. arches, used for warehouses . . 45 lbs. 

10 ** •* " ** theatres . . . 36 ** 

8** *' *• ** office buildings . 30 ** 

6 *' ** " *• light purposes . 22 ** 

It is to be noted that such fireproof floors as fill the spaces 
between the floor beams, together with the tie rods forming a 
thoroughly braced floor, are better suited to meet the condi- 
tions of a high structure than if the spaces between the beams 
are not braced, as it is through this stiffness that wind stresses 
are more equally distributed to all the columns. 

Horizontal bracing by means of diagonal rods or bars laid 
in the floor system should be avoided on account of difficult 
details of connection. This is not necessary if a proper fire- 
proof floor, as outlined above, is adopted. 

Fig. 6, page 48, shows a type of fireproof floor composed of 
Carnegie trough sections ; this style of floor is used in buildings 
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where extremely heavy loads must be sustained, and also for 
railway bridges. 

The following are the usual assumptions made in good 
practice for superimposed loads: 

Floors of dwellings and offices 70 lbs. per sq. ft. 

** ** chtirches, theaters and ballrooms 125 ** ** ** '* 

•* "warehouses 200 to 250 '* ** ♦* ** 

^* for heavy machinery . . . 250 to 400 ** '* ** '* 

The building laws of many of our large cities have recently 
fixed superimposed loads for floors in buildings depending upon 
the purpose for which the building is to be used, and it is for 
these loads that the floors must be designed. In general they 
compare favorably with the above. 

Where girders extend below bottom of floor beams they 
are made fireproof by surrounding them with hollow earthen- 
ware blocks especially made to fit the bottom of the beams, as 
shown on page 48, Figs. 1, 2 and 8. 

Examples of fireproof tile construction, as applied to ceil- 
ings and roofs, are g^ven on page 49. In Fig. 2 the tees are 
suspended from the lower flanges of the I-beams at intervals of 
12 in. or 15 in. and support a layer of very thin tile, weighing 
about 5 lbs. per square foot, to which the plastering is applied. 
For roofs somewhat heavier tees are used, resting on the top 
flanges of the I-beams and spaced about 18 in. apart. The 
tiling, weighing about 10 lbs. per square foot, may be covered 
with concrete, then with a layer of felt and gravel, or in the 
case of slate roofs, the slate may be nailed directly to the tiling. 

In Fig. 8 is shown a new type of suspended ceiling which 
recommends itself for easy erection. Upon the rafter beams 
are placed light purlin angles between which are hung rods for 
supporting the ceiling tees. 
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Between the purlin angles are laid tHe, then a course of 
concrete to level up, and two coats of asphalt. Upon the ceiling 
tees are placed like tiles ; or metal lath can be wired directly 
to them, on which the plastering is applied. 

A semi-fireproof construction which may be used to advan- 
tage in dwellings is shown on page 49, Fig. 1, and consists of 
angles resting on the top of the floor beams and supporting 
wooden strips. The finished floor can be directly nailed on 
these latter, which are spaced from 12 to 16 in. apart. The 
ceiling is composed of wire lathing, which is fastened to tees 
suspended from the floor beams and spaced about 16 in. apart. 
The plastering is applied directly to the wire lathing, and thus 
a level ceiling is obtained. 

Wire lathing can also be used to good advantage in fire- 
proofing columns and girders, and has shown itself to be of 
great utility in many instances where hollow pottery could not 
be used. 

On page 49, Fig. 4, is given an elevation and section of 
three methods used in the construction of fireproof partitions. 
One consists of the ordinary fireproof square blocks, set with 
broken joints and held at intervals with light I-beams, which 
take the place of wood studding. 

In the second method, the space between the I-beams is 
filled with a material called plaster boards. The third method 
consists of wire lathing attached to the flanges of the I-beams 
and stiffened at intervals of 3 feet with angles. In all these 
methods plastering is applied directly to the surfaces in the 
usual manner. 
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EXPLANATION OF TABLES ON SAFE LOADS AND 
SPACING FOR CARNEGIE SECTIONS 

(Pages 69 to 88 inclusive) 

The tables on pages 70 to 73 for I-beams give the loads 
which a beam will carry safely (distributed uniformly over its 
length) for the distances between supports indicated. These 
loads include the weight of the beam, which must be deducted 
in order to arrive at the net load which the beam will carry. 
On pages 78 to 80 will also be fotmd the safe loads for other 
sections. 

For beams of heavier sections than those calculated in the 
tables, a separate column of corrections is g^ven for each size, 
stating the proper increase of safe load for every additional 
pound in the weight per foot of beam. The values given 
are based on a maximum fiber stress of 16,000 pounds per 
square inch. 

It has been assimied in these tables that proper provision 
is made for preventing the compression flanges of the beams 
from deflecting sideways. They should be held in position at 
distances not exceeding twenty times the width of the flange, 
otherwise the stress allowed should be reduced as per table, 
page 68. 

In some instances, deflection rather than absolute strength 
may become the governing consideration in determining the 
size of beam to be used. For beams carrying plastered ceil- 
ings, for example, it has been found by practical tests that, if 
the deflection exceeds -yj^ of the distance between supports, 
or ^ of an inch per foot of this distance, there is danger of 
the ceiling cracking. 

A table of deflections of Carnegie sections is given on page 
69. It may generally be assumed both for rolled and built 
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oeams that this limit is not exceeded so long as the deptn of the 
beam is not less than i^ of the distance between supports 
(^ in. per foot). This limit is indicated in the following tables 
by cross lines, beyond which the beams should not be used, if 
intended to carry plastered ceilings, unless the allowable loads 
given in the tables are reduced. There is an element of safety 
not taken into account in the tables, viz., the fact that the dead 
load of the floor is carried by the beams before the plaster is 
applied; consequently, only the deflection due to the live load 
is liable to cause damage to the plaster. The following method 
can be used to obtain the reduced loads: 

Multiply the load given immediately above the cross line 
by the square of the corresponding span and divide by the 
square of the required span: the result will be the required 
load. See example III. page 68, 

Inasmuch as the carrying capacity of beams increases 
largely with their depth, and it is therefore economical to use 
the greatest depth of beam consistent with the other conditions 
to which it is necessary to conform (as clear height, etc.), the 
above cases of extreme deflection will rarely be met with in 
practice. 

The tables on pages 81 to 88 inclusive for I-beams give the 
proper spacing, center to center of beams, for loads varying 
from 100 to 175 lbs. per square foot and for spans ranging in 
length from 5 to 30 ft. The spacing of beams is inversely 
proportioned to the loads; therefore, for a load not given in 
the table, as, for instance, 200 lbs. per square foot, divide the 
spaces given for 100 lbs. per square foot by 2, etc. 



y Google 



87 CARNEGIE STEEL COMPANY 



EXAMPLES 

I. What will be the most economical arrangement of floor 
beams and girders for canying a load of 160 lbs., including 
weight of floor, assuming floor to be supported by brick arches 
resting between the beams and carrying a plastered ceiling 
below ? 

Answer: The spacing of floor beams for brick arches, as 
stated above, should not exceed 6 ft. Referring to pages 85 
and 86 we find the deepest I-beam corresponding to this space 
(above horizontal cross lines) to be a 9 in. I 21.0 lbs. with a 
length of span of 15 feet. The girders to which the floor beams 
are framed should, therefore, be spaced 15 ft. apart, and from 
the table we find that either a 20 in. I 65 lbs. 23 ft. long or a 
15 in. I 42 lbs. 16 ft. long will answer. By using the former 
the number of supporting columns will be reduced, but the 
M'eight of the girders increased. The relative cost must be 
determined by the circumstances of the case, /. ^., length of 
columns, etc. The headroom required may render it necessary 
to use a double girder of shallower beams, say two 10 in. 
I-beams 25 lbs. 15 ft. long. 

II. What size and weight of beam 19 ft. 6 in. long in clear 
between walls, and, therefore, 20 ft. in. long between centers 
of supports, will be required to carry safely a uniformly dis- 
tributed load of 17 tons, the weight of the beam included ? 

Answer : From the table of safe loads of I-beams a 15 in. 
I 42 lbs. will carry safely for a span of 20 ft. 15.71 tons, or 1.29 
tons less than required in this case. From the next column 
we find that for every pound increase in weight of beam we 
may add 0.20 tons to the load. Hence, for 1.29 tons we must 
increase the weight per foot of beam by 1.29 -i-. 20 = 6.4 lbs., 
/. ^., the beam required should weigh 42 -+- 6.4= 48.4 lbs. per 
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foot, but as this weight is not rolled the beam to be used 
should weigh 50 lbs. 

III. What load uniformly distributed, including its own 
weight, will a 15 in. I-beam weighing 60.0 lbs. per foot carry 
for a span of 80 ft. without deflecting sufficiently to endanger 
a plastered ceiling ? 

Answer: From the table for safe loads of I-beams we 
find at the limit indicated for plastered ceilings that a 15 in. 
60.0 lb. beam will carry safely a uniform load of 17.32 tons 
over a span of 25 ft. In order not to give rise to undue de- 
flection, the safe load for a 30 ft. span, according to the rulc^ 

given on page 66, will beiZ:^A?5!=12.03 tons. 

80 • 

BEAMS WITHOUT LATERAL SUPPORT 



Length 


of Beam 


Proportion of Tabular Load Porming 
Greatest Safe Load 


20 times flange width 


Whole tabular load 


30 - 




A 


40 ** 




A - - 


50 *• 




A 


60 " 




A 


70 - 




A 
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DEFLECTION COEFFICIENTS FOR CARNEGIE 
SHAPES GIVEN IN 64THS OF AN INCH 



Indn 



C. S. 
C'S. 



]Hste]i06 between Sapporti in ftet 



6 



88.1 
29.8 



67.8 
53.0 



10 



105.9 

82.8 



12 14 16 



152.5 
119.2 



207.6 
162.2 



271.2 
211.8 



18 20 22 



343.2 
268.1 



423.7 
831.0 



512.7 
400.5 



Ooeffident 




Index 


24 


26 


28 


SO 


82 


34 


36 


38 


40 


C. S. 
C."' S. 


610.2 
476.6 


716.1 
559.4 


830.5 
648.8 


953.4 
744.8 


1085.0 
847.4 


1225.0 
956.6 


1373.0 
1073.0 


1530. 
1195. 


1695. 
1324. 



Figures given opposite C. S. and C S. are the deflection 
coefficients for steel shapes, subject to transverse strain for 
varying spans under their maximum uniformly distributed safe 
loads, derived from a fiber stress of 16,000 and 12,500 respect- 
ively; the modulus of elasticity being taken at 29,000,000. 

To find the deflection of any symmetrical shape used as a 
beam under its corresponding safe load, divide the coefficients 
given in the above tables by the depth of the beam. This 
applies to such shapes as I-beams, channels, Z-bars, etc. For 
those beams having imsymmetrical axes, such as tees, angles, 
etc. , divide by twice the greatest distance of the neutral axis 
from the outside fiber. 

Example: Required the deflection of a 12' I-beam 31.5 
lbs. 20 ft span under its maximum uniformly distributed safe 
load of 9. 59 tons, as given on page 71. The above tables give 
423.7 as the deflection coefficient; dividing this by 12 gives 
85.3 as the required deflection in 64ths of an inch. 

For deflections due to different systems of loading see 
page 94. 



Digitized by VjOOQ IC 



CARNEGIE STEEL COMPANY 70 


SAFE LOADS UNIFORMLY DISTRIBUTED 


FOR STANDARD AND SPECIAL 


I-BEAMS 


IN TONS OP 2.000 LBS. 




24' I 


f! 


20"! 


ri 


18' I 


It 


15' I 


f! 
il 


80 

lbs. 


80 

lb.. 


65 
Iba. 


55 

lbs. 


80 
Ibt. 


60 
lbs. 


42 
lbs. 


12 


77.83 


.53 


65.18 


51.98 


.44 


39.29 


.39 


47.14 


36.09 


26.18 


.83 


13 


71.38 


.48 


60.16 


47.98 


.40 


36.27 


.86 


43.51 


33.31 


24.17 


.30 


14 


66.28 


.45 


55.87 


44.56 


.37 


33.68 


.84 


40.40 


30.93 


22.44 


.28 


15 


61.86 


.42 


52.14 


41.59 


.35 


31.43 


.31 


37.71 


28.87 


20.94 


.26 


16 


58.00 


.89 


48.88 


38.99 


.38 


29.47 


.29 


35.35 


27.07 


19.63 


.24 


17 


54.58 


.37 


46.01 


36.69 


.31 


27.74 


.28 


38.27 


25.47 


18.48 


.2a 


18 


51.56 


.35 


43.45 


34.66 


.29 


26.19 


.26 


31.42 


24.06 


17.45 


.22 


19 


48.84 


.33 


41.17 


32.83 


.28 


24.82 


.25 


29.77 


22.79 


16.53 


.21 


20 


46.40 


.32 


39.11 


31.19 


.26 


23.58 


.24 


28.28 


21.65 


15.71 


.20 


21 


44.19 


.30 


37.24 


29.70 


.25 


22.45 


.22 


26.94 


20.62 


14.96 


.19 


22 


42.18 


.29 


35.55 


28.35 


.24 


21.43 


.21 


25.71 


19.68 


14.28 


.18 


23 


40.85 


.27 


34.01 


27.12 


.23 


20.50 


.20 


24.69 


18.83 


13.66 


.17 


24 


38.67 


.26 


82.59 


25.99 


.22 


19.65 


.20 


23.57 


18.04 


18.09 


.16 


25 
26 


37.12 
85.69 


.25 
.24 


31.29 
30.08 


24.95 
23.99 


.21 
.20 


18.86 
18.14 


.19 
.18 


22.68 


17.82 


12.57 


.16 
.15 


21.76 


16.66 


12.08 


27 


34.37 


.23 


28.97 


23.10 


.19 


17.46 


.17 


20.95 


16.04 


11.64 


.14 


28 


33.14 


.28 


27.93 


22.28 


.19 


16.84 


.17 


20.20 


15.47 


11.22 


.14 


29 


32.00 


.22 


26.97 


21.51 


.18 


16.26 


.16 


19.51 


14.93 


10.83 


.la 


30 
31 


30.98 
29.94 


.21 
.20 


26.07 
25.23 


20.79 
20.12 


.17 
.17 


15.72 


.16 
.15 


18.86 
18.25 


14.48 
13.97 


10.47 
10.13 


.18 
.18 


15.21 


82 


29.00 


.20 


24.44 


19.49 


.16 


14.73 


.15 


17.68 


13.53 


9.82 


.12 


38 
34 


28.12 
27.29 


.19 
.19 


23.70 


18.90 


.16 
.15 


14.29 
13.87 


.14 
.14 


17.14 
16.64 


18.12 

12.74 


9.52 
9.24 


.12 
.11 


23.00 


18.35 


35 


26.51 


.18 


22.35 


17.82 


.15 


13.47 


.13 


16.16 


12.37 


8.98 


.11 


86 


25.78 


.18 


21.73 


17.33 


.15 


13.10 


.13 


15.71 


12.08 


8.73 


.11 


Safe loads given include weight of beam. Maximum fiber stress, 
16,000 lbs. per square inch. 

r^ - 
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SAFE LOADS 


UNIFORMLY DISTRIBUTED 


FOR STANDARD AND SPECIAL | 




I-BEAMS 


IN 


TONS OP 2.000 LBS. 


l\ 


12' I 


f! 


10' I 


r! 


9' I 


It 

3.1 


II 


8' I 




40 
lbs. 


31.5 

lbs 


25 

Ibi. 


21 

lbs. 


18 
lbs. 


12 


19.92 


15.99 


.36 


10.85 


.22 


8.39 


.20 


5 


15.17 


.42 


13 


18.39 


14.76 


.24 


10.02 


.20 


7.74 


.18 


6 


12.64 


.85 


14 


17.08 


13.70 


.23 


9.30 


.19 


7.19 


.17 


7 


10.84 


.80 


15 
16 

17 


15.94 
14.94 

14.06 


12.79 
11.99 

11.29 


.21 
.20 

.19 


8.68 
8.14 


.17 
.16 

.15 


6.71 


.16 
.15 

.14 


8 
9 

10 


9.48 
8.43 

7.59 


.26 
.28 

.21 


6.29 
5.92 


7.66 


18 


13.28 


10.66 


.18 


7.24 


.14 


5.59 


.13 


11 


6.90 


.19 


19 


12.58 


10.10 


.17 


6.86 


.14 


5.30 


.12 


12 


6.82 


.18 


^0 
21 


11.95 


ft 59 


.16 
.15 


6.51 
6.20 


.13 
.12 


5.03 
4.79 


.12 
.11 


13 

14 


5.83 


.16 

.15 


11.38 


9.14 


5.42 


22 


10.87 


8.72 


.14 


5.92 


.12 


4.58 


.11 


15 


5.06 


.14 


23 


10.39 


8.34 


.14 


5.66 


.11 


4.38 


.10 


16 


474 


.18 


24 


9.96 


7.99 


.13 


5.43 


.11 


4.19 


.10 


17 


446 


.12 


25 


9.56 


7.67 


.13 


5.21 


.10 


403 


.09 


18 


421 


.12 


26 


9.19 


7.38 


.12 


5.01 


.10 


3.87 


.09 


19 


8.99 


.11 


HI 


8.85 


7.11 


.12 


4.82 


.10 


8.73 


.09 


20 


8.79 


.11 


•28 


8.54 


6.85 


.11 


465 


.09 


8.59 


.08 


21 


8.61 


.10 


^9 
30 


8.24 

7.97 


6.62 
6.40 


.11 

.11 


4.49 
4.34 


.09 
.09 


8.47 
8.36 


.08 
.08 








.... 




.... 


s 

16.000 


afe loads given Inclu 
lbs. per square inch. 


de weight of 


beam. Maximum fiber stress, 
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SAFE LOADS UNIFORMLY DISTRIBUTED 

FOR STANDARD AND SPECIAL 

I-BEAMS 

IN TONS OP 2,000 LBS. 



p 


7" I 


t! 


6' I 


=^1 

ri 


6' I 


rl 


4" I 




3" I 


ft 

5 c« 


II 

St 


15 
lbs. 


12.25 
lbs. 


9.75 
lbs. 


7.5 
lbs. 


5.5 
lbs. 


•^1 

^1 


5 


11.04 


.36 


7.75 


.81 


5.16 


.26 


8.18 


.21 


1.76 


.16 


6 


9.20 
7.89 
6.90 
6.13 


.80 
.26 
.28 
.20 


6.46 
5.54 
4.84 
4.81 


.26 
.22 
.19 

.17 


4.30 
8.69 
3.23 


.22 
.19 
.16 
.14 


2.65 
2.27 


.18 
.15 
.13 

.12 


1.47 


.13 


7 


1.26 
1.10 
0.98 


.11 


8 


1.99 
1.77 


.10 


9 


2.87 


.09 


10 


5.52 
5.02 


.18 
.16 


8.88 


.16 
.14 


2.68 
2.35 


.18 

.12 


1.69 
1.45 


.11 
.10 


0.88 
0.80 


.08 


11 


3.52 


.07 


ft 


4.60 


.15 
.14 


3.23 

2.98 


.13 

.12 


2.15 
1.98 


.11 
.10 


1.88 
1.22 


.09 

.08 


0.78 
0.68 


.07 


18 


4.25 


.06 


14 


8.94 


.13 


2.77 


.11 


1.84 


.09 


1.14 


.08 


0.63 


.06 


15 


8.68 


.12 


2.68 


.10 


1.72 


.09 


1.06 


.07 


0.59 


.05 


16 


8.46 


.11 


2.42 


.10 


1.61 


.08 


0.99 


.07 


0.65 


.05 


17 


8.25 


.11 


2.28 


.09 


1.52 


.08 


0.94 


.06 


0.62 


.06 


18 


8.07 


.10 


2.15 


.09 


1.43 


.07 


0.88 


.06 


0.49 


.04 


19 


2.91 


.09 


2.04 


.08 


1.36 


.07 


0.84 


.06 


0.46 


.04 


20 


2.76 


.09 


1.94 


.08 


1.29 


.07 


0.80 


.05 


0.44 


.04 


21 


2.63 


.09 


1.86 


.07 


1.23 


.06 


0.76 


.05 


0.42 


.04 



Safe loads given include weight of beam. Maximum fiber stress, 
16,000 lbs. per square inch. 
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SAFE LOADS UNIFORMLY DISTRIBUTED 

FOR STANDARD AND SPECIAL 

CHANNELS 







- 


IN TONS 


OP 2.000 LBS. 








p 

|.9 


15" C 


n 


12' C 


ft 

^.9 


10" c 


5^ 

it 

3.1 


9" C 


It 

• .9 
11 


li 


33 

lbs. 


20.5 
lbs. 


15 
lbs. 


13.25 
lbs. 


10 


22.23 


.39 


11.39 


.32 


7.14 


.26 


5.61 


.24 


11 


20.20 


.35 


10.35 


.29 


6.49 


.24 


5.10 


.21 


12 


18.52 


.33 


9.49 


.26 


5.95 


.22 


4.68 


.20 


13 


17.10 


.30 


8.76 


.24 


5.49 


.20 


4.32 


.18 


14 


15.87 


.28 


8.14 


.23 


5.10 


.19 


4.01 


.17 


15 


14.82 


.26 


7.59 


.21 


4.76 


.17 


3.74 


.16 


16 


18.89 


.24 


7.12 


.20 


4.46 


.16 


3.51 


.15 


17 


18.07 


.23 


6.70 


.18 


4.20 


.15 


8.30 


.14 


18 


12.35 


.22 


6.33 


.18 


8.96 


.14 


3.12 


.13 


19 


11.70 


.21 


5.99 


.17 


8.76 


.14 


2.95 


.If 


20 


11.11 


.20 


5.70 


.16 


8.57 


.13 


2.81 


.12 


21 


10.58 


.19 


5.42 


.15 


8.40 


.12 


2.67 


.11 


22 


10.10 


.18 


5.18 


.14 


8.24 


.12 


2.55 


.11 


23 


9.66 


.17 


4.95 


.14 


3.10 


.11 


2.44 


.10 


24 


9.26 


.16 


4.75 


.13 


2.97 


.11 


2.34 


.10 


25 


8.89 


.16 


4.56 


.13 


2.85 


.10 


2.24 


.09 


26 


8.55 


.15 


4.38 


.12 


2.74 


.10 


2.16 


.09 


27 


8.23 


.14 


4.22 


.12 


2.64 


.10 


2.08 


.09 


28 


7.94 


.14 


4.07 


.11 


2.55 


.09 


2.00 


.08 


29 


7.66 


.13 


3.93 


.11 


2.46 


.09 


1.98 


.08 


80 


7.41 


.13 


8.80 


.11 


2.38 


.09 


1.87 


.08 



Safe loads given include weight of channel. Maximum fiber stress, 
16,000 lbs. per square inch. 
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SAFE LOADS UNIFORMLY DISTRIBUTED 

FOR STANDARD AND SPECIAL 

CHANNELS 

IN TONS OF 2,000 LBS. 



2*^ 


8''C 


ij 


7'C 


if 

^1 


O'C 




5'C 


1.1 


4'C 




8''C 


ft 


II 


1125 

Iba. 


9.75 

Iba. 


8 

Iba. 


6.5 
lbs. 


5J35 
Iba. 


4 
Iba. 


^1 


5 


8.61 


.42 


6.68 


.36 


4.62 


.31 


3.16 


.26 


2.02 


.21 


1.16 


.16 


6 


7.18 


.85 


5.57 


.30 


3.85 


.26 


2.63 


.32 


1.68 


.18 


.97 


.13 


7 


6.15 


.80 


4.77 


.26 


3.80 


.22 


2.26 


.19 


1.44 


.15 


.83 


.11 


8 


5.88 


.26 


4.18 


.28 


2.89 


.19 


1.98 


.16 


1.26 


.18 


.78 


.10 


9 


4.78 


.23 


8.71 


.20 


2.57 


.17 


1.76 


.14 


1.12 


.12 


.64 


.09 


10 


4.81 


.21 


8.84 


.18 


2.81 


.16 


1.58 


.18 


1.01 


.11 


.58 


.08 


11 


8.91 


.19 


3.04 


.16 


2.10 


.14 


1.44 


.12 


.92 


.10 


.58 


.07 


13 


8.59 


.18 


2.78 


.15 


1.93 


.13 


1.82 


.11 


.84 


.09 


.48 


.07 


18 


8.81 


.16 


2.57 


.14 


1.78 


.12 


1.23 


.10 


.78 


.08 


.45 


.06 


14 


8.08 


.15 


2.89 


.18 


1.65 


.11 


1.13 


.09 


.72 


.08 


.41 


.06 


15 


2.87 


.14 


2.23 


.12 


1.54 


.10 


1.05 


.09 


.67 


.07 


.89 


.05 


16 


2.69 


.13 


2.09 


.11 


1.44 


.10 


.99 


.08 


.68 


.07 


.86 


.05 


17 


2.58 


.12 


1.96 


.11 


1.86 


.09 


.93 


.08 


.59 


.06 


.84 


.05 


18 


2.89 


.11 


1.86 


.10 


1.28 


.09 


.88 


.07 


.56 


.06 


.82 


.04 


19 


2.37 


.11 


1.76 


.09 


1.22 


.08 


.88 


.07 


.58 


.06 


.81 


.04 


20 


2.15 


.11 


1.67 


.09 


1.16 


.08 


.79 


.07 


.51 


.05 


.29 


.04 


21 


2.05 


.10 


1.59 


.09 


1.10 


.07 


.75 


.06 


.48 


.06 


.28 


.04 


22 


1.96 


.10 


1.52 


.08 


1.05 


.07 


.72 


.06 


.46 


.05 


.26 


.04 


28 


1.87 


.09 


1.45 


.08 


1.00 


.07 


.69 


.06 


.44 


.06 


.25 


.03 


24 


1.79 


.09 


1.39 


.08 


.96 


.06 


.66 


.05 


.42 


.04 


.24 


.08 


25 


1.72 


.08 


1.84 


.07 


.92 


.06 


.63 


.05 


.40 


.04 


.28 


.08 



Safe loads given include weiglit of channel. Maximum fiber stress, 
16,000 lbs. per square inch. 
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SAFE LOADS IN TONS OF 2,000 LBS. 

UNIFORMLY DISTRIBUTED FOR 

STANDARD Z-BARS 



8iM 



Distuue between Sapporti in Feet 



6 



8 



10 12 14 16 



6 

6 

6> 
6 

S^ 

5 

5i^ 
6}i 

5 
5 

^V 

4 
4 

4 

j^ 

8 

SiV 

8 

BiV 
8 



11.25 
18.11 
14.96 

15.40 
17.09 
18.80 

18.72 
20.29 
21.86 

7.12 
8.52 
9 

10.24 
11.49 
12.76 

12.63 
18.79 
14.94 

4.19 
5.21 
6.22 

6.44 
7.88 

8.24 

8.06 
8.86 
9.68 

2.56 
3.17 

8.44 
8.97 

4.08 
4.57 



9.00 
10.48 
11.97 

12.32 
18.67 
15.04 

14.98 
16.23 
17.49 

5.70 
6.82 
7.94 

8.19 

9.19 

10.21 

10.10 
11.08 
11.95 

8.85 
4.17 
4 

5.15 

5.87 
6.59 

6.45 
7.09 

7.74 

2.05 
2.54 

2.74 
3.18 

8.26 
3.66 



7.50 
8.78 
9.97 

10.27 
11.40 
12.53 

12.48 
18.53 
14.57 

4.75 
6.68 
6. 

6.88 
7.66 
8.51 

8.42 
9.19 
9.96 

2.79 
3.48 
4.15 

4. 

4.89 

5.49 

5.87 
5.91 
6.45 

1.71 
2.12 

2. 
2.65 

2.72 
3.05 



6.43 

7.48 
8.56 

8.80 

9.76 

10.74 

10.70 
11.59 
12.49 

4.07 
4.87 
6.67 

5.85 
6.56 

7. 

7.21 

7. 

8.54 

2.89 
2.98 
8.56 

8.68 
4.19 
4.71 

4.61 
5.06 
5.53 

1.46 
1.81 
1.96 
2.27 

2.88 
2.62 



6.63 
6.55 

7.48 

7.70 
8.65 
9.40 

9.86 
10.15 
10.98 

8.56 

4. 

4.96 

6.12 
6.75 
6.88 

6.82 
6. 

7.47 

2.09 
2.60 
8.11 

8.22 
8.67 
4.12 

4.08 
4.43 
4.84 

1.28 
1.58 

1.72 
1. 

2.04 

2.28 



5. 
5. 
6. 

6. 

7. 
8. 

8. 
9. 
9. 

3. 
3. 

4. 

4. 
5, 
6, 

5.61 
6.13 
6.64 

1 

2 
2.77 

2. 
3. 
3.66 

3.58 
8.95 
4.30 

1.14 
1.41 

1.52 
1.77 

1.81 
2.03 



4.50 
6.24 
6.99 

6.16 
6.84 
7.52 

7.49 

8.12 
8.75 

2.85 
8.41 
3.97 

4.09 
4.60 
6.11 

5.05 
5.52 
5.97 

1.68 
2.08 
2.49 

2.57 
2.93 
3.29 

8. 
3.55 

3.87 

1.03 
1.27 

1.37 
1.59 

1. 

1.83 



3.75 
4.37 
4.99 

5.13 
5.70 
6.27 

6.24 
6.76 
7.29 

2.87 

2.84 
3.81 

8.41 
3.83 
4.25 

4.21 
4.60 
4.98 

1.40 
1.74 
2.08 

2.15 
2.44 
2.75 

2 

2.96 
3 

0.85 
1.06 

1.14 
1.32 

1.36 
1.52 



3.212.81 
3.743.28 
4.283.74 

4.403.85 
4.884.27 
5.874.70 



5.85 
5.80 
6.25 

2.03 
2.43 
2.88 



4.68 
5.07 
5.47 
1.78 
2.18 
2.48 



2.922.56 
3.282.87 
3.65j3.l9 

3.6i;3.16 
3.943.46 
4.273.78 



1.20 
1.49 
1.78 

1.84 
2.09 
2.85 

2.31 
2.53 
2.76 

0.73 
0.91 

0.98 
1.13 

1.17 
1.31 



1.06 
1.80 
1.56 

1.61 
1.88 
2.06 

2.01 
2.21 
2.42 

0.64 
0.79 

0.86 
0.99 

1.02 
1.14 



Safe loads given include weight of Z-bar. Maximum fiber stress, 
16,000 lbs. per square inch. 
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SAFE LOADS IN TONS OF 2.000 LBS. UNIFORMLY 

DISTRIBUTED FOR STANDARD AND SPECIAL 

ANGLES WITH EQUAL LEGS 



Sin of ingle 



Dittanoe b«tw6en Supports in Feet 



1 23466789 ID 



x8 
x8 






6 x6 xl 

6 x6 xH 

*6 x 6 X 1 

♦5 x5 x^ 

4 x4 xU 
4 x 4 X ^ 
8^x85^x11 

8 x8 x^ 
8 x8 x% 

*2^x2KxJ^ 

254x2KxJ^ 

•2Kx25^xj| 
♦2Kx2KxA 

2 X 2 x /, 
2 X 2 X 1=^ 
IKxl^x/, 
l^xl^x}\, 

IJ^xlKxfg 
l^xlKx/a 



lKxl5<x} 



xl 
xl 



xj< 
xH 



%x 

?^x %x_ 

^x ^xA 






93.49 
44.64 

45.73 
18.82 
80.91 
12.91 

16.05 
6.88 

12.00 
5.20 

6.98 
8.09 
4.75 
2.56 

8.89 
1.61 
8.09 
1.80 

2.18 
1.01 
1.60 
0.75 

1.01 
0.88 
0.58 
0.26 

0.80 
0.17 

0.18 
0.12 
0.18 
0.091 



46.74 
22.82 

22.86 
9.41 

15.45 
6.45 

8.08 
8.44 
6.00 
2.60 

8.47 
1.56 
2.87 
1.28 

1.95 
0.81 
1.55 
0.65 

1.07 
0.51 
0.80 
0.87 

0.51 
0.19 
0.29 
0.18 

0.15 
0.068 

0.088 
0.061 
0.064 
0.045 



81.16 
14.88 

15.24 
0.27 

10.80 
4.80 

5.85 
2.29 
4.00 
1.78 

2.81 
1.08 
1.58 
0.85 

1.29 
0.54 
1.08 
0.48 

0.71 
0.84 
0.58 
0.25 

0.84 
0.18 
0.19 
0.087 

0.100 
0.055 

0.059 
0.041 
0.048 
0.080 



28.87 

11.16 

11.48 
4.70 
7.73 
8.28 

4.01 
1.72 
8.00 
1.80 

1.78 
0.77 
1.19 
0.64 

0.97 
0.40 
0.77 
0.82 

0.53 
0.25 
0.40 
0.19 

0.25 
0.096 
0.150 
0.065 

0.0T5 
0.041 

0.044 
0.031 
0.032 
0.023 



18.70 
8.98 

9.14 
8.76 
6.18 
2.58 

8.21 
1.88 
2.40 
1.04 

1.89 
0.62 
0.95 
0.51 

0.78 
0.82 
0.62 
0.26 

0.48 
0.20 
0.82 
0.15 

0.20 
0.077 
0.120 
0.052 

0.060 
0.033 

0.035 
0.025 
0.028 
0.018 



15.58 
7.44 

7.62 
8.14 
5.15 
2.15 



1.15 
2.00 
0.87 

1.16 
0.52 
0.79 
0.48 

0.65 
0.27 
0.52 
0.22 

0.86 
0.17 
0.27 
0.12 

0.17 
0.064 
0.097 
0.044 

0.050 
0.028 

0.029 
0.020 
0.021 
0.015 



13.86 



6.53 
2.69 
4.42 
1.84 

2.29 
0.98 
1.71 

6.74 

0.99 
0.44 
0.68 
0.87 

0.56 
0.28 
0.44 
0.19 

0.80 
0.14 
0.23 
0.11 

0.14 
0.055 
0.083 
0.087 

0.043 
0.024 

0.025 
0.018 
0.018 
0.013 



11.69 
5.58 

6.72 
2.35 
8.86 
1.61 

2.01 
0.88 
1.50 
0.65 

0.87 
0.39 
0.59 
0.82 

0.49 
0.20 
0.39 
0.16 

0.27 
0.13 
0.20 
0.09£ 

0.180 
0.048 
0.078 
0.033 

0.087 
0.021 

0.022 
0.015 
0.016 
0.011 



10.39 
4.96 

5.06 
2.09 
8.48 
1.48 

1.78 
0.76 
1.88 
0.58 

0.77 
0.84 
0.53 
0.28 

0.48 
0.18 
0.84 
0.14 

0.24 
0.11 
0.18 
0.068 

0.110 
0.043 
0.065 
0.029 

0.033 
0.018 

0.020 
0.014 
0.014 
0.010 



9.86 
4.46 

4.57 
1.88 
3.09 
1.29 

1.61 
0.69 
1.20 
0.62 

0.69 
0.31 
0.47 
0.26 

0.80 
0.16 
0.81 
0.18 

0.21 
0.10 
0.16 
0.075 

0.100 
0.038 
0.058 
0.026 

0.030 
0.017 

0.018 
0.012 
0.018 
0.009 



Safe loads given inolade weight of angle. Maximum fiber stress, 
16,000 lbs. per square inch. Neutral axis through center of gravity 
parallel to one leg. Angles marked * are special. 
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SAFE LOADS IN TONS OF 2,000 LBS. UNIFORMLY 

DISTRIBUTED FOR STANDARD AND SPECIAL 

ANGLES WITH UNEQUAL LEGS 



LONO LEO VERTICAL 



Size of ingle 



*8 

*7 

*7 

6 

6 

6 

6 

*5 

♦5 

6 

5 

6 

5 



x3>^xl 
x3>^x ^ 
x4 xl 
x4 x^ 
x3^xl 
x3>^x H 
x4 x ^ 
x4 X % 

x3>^x y^ 

x3>^x A 

x3 x U 

x8 x X 

♦4^x8 X \i 

♦4>^x3 xA 

♦4 x3^x if 

*4 xS^xA 

4 x3 X li 

. 4 x3 X X 

3>^x8 X \i 

8^x3 X X 

8Kx2>^x U 

8>^x2^x X 

*3Xx2 xA 

*8Xx2 xX 

8 x2KxA 

8 x2>^x X 

*8 x2 X >^ 

♦8 x2 X X 
2^x2 X X 
2Xx2 X A 
•2Xxl>^x X 
•2XxlXx A 
♦2 xl^^x X 
♦2 xl^^xA 
*lfgxl x X 
*l^xl x >^ 



Distanco between Supports in Feet 



42.69 

56.43 

26.72 

42.77 

17.71 

41.76 

17.33 

26.61 

12.48 

26.03 

10.35 

23.73 

10.08 

19.81 

8.21 

15.67 

6.72 

15.31 

6.56 

11.78 

5.12 

9.87 

4.00 

6.93 

8.36 

6.13 

2.99 

5.38 

2.88 

8.78 

1.55 

2.87 

1.28 

1.23 

0.96 

0.48 

0.32 



2 

21.29 
28.21 
13.36 
21.39 
8.85 
20.88 
8.67 
13.31 
6.24 
13.01 
5.18 
11.87 
6.04 
9.65 
4.11 
7.79 
3.36 
7.65 
8.28 
5.87 
2.56 
4 
2.00 
8.47 
1.68 
8.07 
1.50 
2.67 
1.44 
1.87 
0.77 
1.48 
0.61 
0.61 
0.48 
0.24 
0.16 



I 3 



14.20 

18.81 
8.91 

14.26 
6.90 

13.92 
5.78 
8.87 
4.16 
8.68 
8.45 
7.91 
8.86 
6.44 
2.74 
5.19 
2.24 
5.10 
2.19 
8.91 
1.71 
8.29 
1.88 
2.81 
1.12 
2.04 
1.00 
1.78 
0.96 
1.24 
0.62 
0.96 
0.41 
0.41 
0.82 
0.16 
0.11 



10.05 

14.11 
6.68 

10.69 
4.43 

10.44 
4.33 
6.65 
8.12 
6.51 
2.69 
6.98 
2.52 
4.88 
2.05 
8.89 
1.68 
8.83 
1.64 
2.93 
1.28 
2.4 
1.00 
1.73 
0.84 
1.53 
0.75 
1.33 
0.72 
0.93 
0.39 
0.72 
0.31 
0.31 
0.24 
0.12 
0.08 



«.52 
11.29 
5.84 
8.55 
8.54 
8.86 
8.47 
5 
2.50 
5.21 
2.07 
4.75 
2.02 
8.86 
1.64 
8.11 
1.84 
8.06 
1.31 
2.85 
1.02 
1.97 
0.80 
1. 
0.67 
1.23 
0.60 
1.07 
0.58 
0.75 
0.31 
0.57 
0.25 
0.25 
0.19 
0.10 
0.06 



6 



7.10 

9.40 

4.46 

7.18 

2.96 

6.96 

2.89 

4.44 

2.08 

4.34 

1.73 

3.96 

1 

8.22 

1.37 

2.60 

1.12 

2.55 

1.10 

1.96 

0.85 

1.64 

0.67 

1.16 

0.56 

1.02 

0.50 

0.89 

0.48 

0.62 

0.26 

0.48 

0.21 

0.21 

0.16 

0.08 

0.05 



6.08 
8.06 
8.82 
6.11 
2.53 
5.97 
2.48 
8.80 
1.78 
3.72 
1.48 
8.39 
1.44 
2.76 
1.17 
2.22 
0.96 
2.19 
0.94 
1.68 
0.73 
1.41 
0.57 
0.99 
0.48 
0.88 
0.43 
0.76 
0.41 
0.53 
0.22 
0.41 
0.18 
0.18 
0.14 
0.07 
0.05 



8 



5.32 
7.05 
3.34 
5.35 
2.21 
5.22 
2.17 
3.33 
1.56 
8.25 
1.29 
2.97 
1.26 
2.41 
1.03 
1.95 
0.84 
1.91 
0.82 
1.47 
0.64 
1.28 
0.50 
0.87 
0.42 
0.77 
0.87 
0.67 
0.36 
0.47 
0.19 
0.86 
0.15 
0.15 
0.12 
0.06 
0.04 



O I lO 



4.784.26 
6.275.64 
2.97,2.67 
4.75:4.28 
1.971.77 
4.64 4.18 
1.931.73 
2.96 2.66 
1.39,1.25 
2.892.60 
1.161.04 
2.64 2.37 
1.121.01 
2.15,1.93 
0.910.82 
1.781.56 
0.750.67 
1.70|l.53 
0.730.66 
1.801.17 
0.57 0.51 
1.10 0.99 
0.44,0.40 
0.77,0.69 
0.870.34 
0.68;0.61 
0.88 0.::^0 
0.59'0.53 
0.82,0.29 
0.4l|0.37 
0.17 0.16 
0.32 0.29 
0.140.12 
0.140.12 

o.ii'o.io 

0.050.05 
0.04^0.03 



Safe loads given Include weUht of angle. Maximum liber stress, 
16,000 lbs. per square inch. Neutral axis through center of gravity 
parallel to short leg. Angles marked * are special. 
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SAFE LOADS IN TONS OF 2,000 LBS. UNIFORMLY 

DISTRIBUTED FOR STANDARD AND SPECIAL 
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s 


HORT LEG VERTICAL 










ffiie of ingle 


Distance between Supports in Feet 




1 


2 


3 


4 


6 


6 


7 1 8 





ID 


*8 x3>^x a 


9.53 


4.76 


3.18 


2.38 


1.91 


1.59 


1.36 


1.19 


1.06 


0.95 


*7 x3Kxl 


15.79 


7.89 


5.26 


8.95 


8.16 


2.63 


2.26 


1.97 


1.75 


1.58 


*7 x3)^Xt^ 


7.84 


8.92 


2.61 


1.96 


1.57 


1.31 


1.12 


0.98 


0.87 


0.78 


6 x4 xl 


20.21 


10.11 


6.74 


6.05 


4 04 


3.37 


2.89 


2.58 


2.25 


2.02 


6 x4 X ^ 


8.53 


4.27 


2.84 


2.13 


1.71 


1.42 


1.22 


1.07 


0.95 


0.86 


6 x3>^x1 


15.47 


7.74 


5.16 


8.87 


3.09 


2.58 


2.21 


1.93 


1.72 


1.56 


6 x3>^x ys 


6.56 


8.28 


2.19 


1.64 


1.31 


1.09 


0.94 


0.82 


0.73 


0.66 


*5 x4 X ^ 


17.65 


8.83 


6.88 


4.41 


8.53 


2.94 


2.52 


2.21 


1.96 


1.77 


*5 x4 x ^ 


8.37 


4.19 


2.79 


2.09 


1.67 


1.40 


1.20 


1.05 


0.93 


0.84 


5 x3>^x ^ 


13.44 


6.72 


4.48 


8.36 


2.69 


2.24 


1.92 


1.68 


1.49 


1.84 


6 x3^x ^ 


5.44 


2.72 


1.81 


1.36 


1.09 


0.91 


0.78 


0.68 


0.60 


0.54 


5 x3' X i^ 


9.28 


4.64 


3.09 


2.32 


1.86 


1.55 


1.33 


1.16 


1.03 


0.98 


5 x3 X A 
*4Kx3 X H 


4.00 


2.00 


1.33 


1.00 


0.80 


0.67 


0.57 


0.60 


0.44 


0.40 


9.12 


4.56 


3.04 


2.28 


1.82 


1.52 


1.30 


1.14 


1.01 


0.91 


♦4)^x3 X A 
*4 x3>^xii 


4.05 


2.03 


1.35 


1.01 


0.81 


0.68 


0.58 


0.51 


0.45 


0.41 


12.27 


6.13 


4.09 


8.07 


2.45 


2.05 


1.75 


1.63 


1.86 


1.28 


*4 x3>ix A 
4 x3 X if 


5.39 


2.69 


1.80 


1.35 


1.08 


0.90 


0.77 


0.67 


0.60 


0.54 


8.96 


4.48 


2.99 


2.24 


1.79 


1.49 


1.28 


1.12 


1.00 


0.90 


4 x3 X ^ 


3.95 


1.97 


1.32 


0.99 


0.79 


0.66 


0.56 


0.49 


0.44 


0.39 


8>^x3 X If 


8.80 


4.40 


2.93 


2.20 


1.76 


1.47 


1.26 


1.10 


0.98 


0.88 


3>^x3 X ^ 


3.84 


1.92 


1.28 


0.96 


0.77 


0.64 


0.55 


0.48 


0.43 


0.38 


8>^x2>^x U 


5.28 


2.64 


1.76 


1.32 


1.06 


0.88 


0.75 


0.66 


0.69 


0.53 


3>^x2^x X 


2.19 


1.09 


0.73 


0.55 


0.44 


0.36 


0.31 


0.27 


0.24 


0.22 


*3Xx3 xA 


2.83 


1.41 


0.94 


0.71 


0.57 


0.47 


0.40 


35 


0.81 


0.28 


*3Xx2 X X 


1.39 


0.69 


0.46 


0.35 


0.28 


0.23 


0.20 


0.17 


0.15 


0.14 


8 x2Kx A 


437 


2.19 


1.46 


1.09 


0.87 


0.73 


0.62 


0.65 


0.49 


0.44 


8 x2>^x X 


2.13 


1.07 


0.71 


0.53 


0.43 


0.86 


030 


0.27 


0.24 


0.21 


*8 x3 X >^ 


2.51 


1.25 


0.84 


0.33 


0.60 


0.42 


36 


0.31 


0.28 


0.25 


*8 x2 X X 


1.33 


0.67 


0.44 


0.83 


0.27 


0.22 


0.19 


0.17 


0.15 


0.18 


2^x2 X >^ 


2.45 


1.23 


0.82 


0.61 


0.49 


0.41 


0.85 


0.31 


0.27 


0.25 


2>ix2 xA 
*2Xxl>^x 'A 


1.07 


0.53 


0.36 


0.27 


0.21 


0.18 


0.15 


0.13 


0.12 


0.11 


1.39 


0.69 


0.46 


0.35 


28 


0.28 


0.20 


0.17 


0.16 


0.14 


*3 xl^^x X 


0.59 


0.29 


0.20 


0.15 


12 


0.10 


0.08 


0.07 


0.07 


0.06 


0.64 


0.82 


0.21 


0.16 


0.13 


0.11 


0.09 


0.08 


0.07 


0.06 


*3 xl^xA 


0.48 


0.24 


0.16 


0.12 


0.10 


0.08 


0.07 


0.06 


0.06 


0.05 


0.27 


0.13 


0.09 


0.07 


0.05 


0.04 


0.04 


0.03 


0.08 


0.08 


*lf<xl x>i 


0.16 


0.08 


0.05 


0.04 


0.03 


0.03 


0.02 


0.02 


0.02 


03 



»uie loaus given include weight of angle. Maximum liber stress, 
16,000 lbs. per square inch. Neutral axis through center of gravity 
parallel ta long leg. Angles marked * are special. 

Digitized by VjOOyi 



79 



CARNEGIE STEEL COMPANY 



SAFE LOADS IN TONS OF 2,000 LBS. UNIFORMLY 
DISTRIBUTED FOR CARNEGIE TEES 



Siie 
by Stem 


Weight 


Distance between Supports in feet 


1 


2 


3 


4 


6 


6 


7 


8 


9 


10 


6 x3 

5 x2K 
4>^x3>'^ 
4^x3 

4^x3 
4>^x2>^ 

4>^x2K 
4 x5 

4 x5 
4 x4>^ 
4 x4>^ 
4 x4 

4 x4 
4 x8 
4 ,x2>^ 
4 x2>^ 

4 x2 
4 x2 

8>^x4 
8>^x4 

3>^x3>^ 
8>^x3>^ 
8>^x8^ 
8>^x3 

8>^x3 
8 x4 
8 x4 
8 x4 

8 x8K 
8 x3>^ 
8 x3>^ 
8 x8 


13.6 

11.0 

15.9 

8.6 

10.0 
8.0 
9.3 

15.7 

12.3 
14.8 
11.6 
13.9 

10.9 
9.3 

8.7 

7.4 

7.9 

6.7 

12.8 

10.0 

11.9 
9.3 

11.0 
8.7 

7.7 
11.9 
10.6 

9.3 

11.0 
9.8 
8.6 

10.1 


6.29 

4.69 

11.36 

4.32 

5.01 

2.99 

3.47 

16.68 

12.96 
13.60 
10.56 
10.77 

8.75 
4.69 
3.31 
2.93 

2.13 

1.81 

10.66 

8.27 

8.11 
6.35 
6.03 
4.69 

3.84 

10.35 

9.49 

8.37 

7.95 
7.31 
6.45 

5.87 


3.15 
2.29 
5.68 
2.16 

2.51 
1.49 
1.73 
8.27 

6.48 
6.80 
5.28 
5.89 

4.37 
2.35 
1.65 
1.47 

1.07 
0.91 
5.28 
4.13 

4.05 
3.17 
3.01 
2.35 

1.92 
5.17 
4.75 
4.19 

3.97 
3.65 
3.23 
2.93 


2.10 
1.53 
3.79 
1.44 

1.67 
0.96 
1.16 
5.51 

4.32 
4.53 
3.52 
8.59 

2.92 
1.56 
1.10 
0.98 

0.71 
0.60 
3.52 
2.76 

2.70 
2.12 
2.01 
1.56 

1.28 
3.46 
3.16 
2.79 

2.65 
2.44 
2.15 
1.96 


1.57 
1.15 
2.84 
1.08 

1.25 
0.75 
0.87 
4.13 

3.24 
3.40 
2.64 
2.69 

2.19 
1.17 
0.83 
0.73 

0.53 
0.45 
2.64 
2.07 

2.03 
1.59 
1.61 
1.17 

0.96 
2.69 
2.37 
2.09 

1.99 
1.83 
1.61 
1.47 


1.26 
0.92 
2.27 
0.86 

1.00 
0.60 
0.69 
3.31 

2.59 
2.72 
2.11 
2.15 

1.75 
0.94 
0.66 
0.59 

0.43 
0.36 
2.11 
1.66 

1.62 
1.27 
1.21 
0.94 

0.77 
2.07 
1.90 
1.67 

1.59 
1.46 
1.29 

1.17 


1.05 
0.76 
1.89 
0.72 

0.84 
0.48 
0.58 
2.76 

2.16 
2.27 

1.76 
1.80 

1.46 
0.78 
0.55 
0.49 

0.36 
0.80 
1.76 
1.38 

1.35 
1.06 
1.00 
0.78 

0.64 
1.72 
1.58 
1.40 

1.32 
1.22 
1.08 
0.98 


0.90 
0.66 
1.62 
0.62 

0.72 
0.43 
0.60 
2.86 

1.86 
1.94 
1.61 
1.64 

1.25 
0.67 
0.47 
0.42 

0.80 
0.26 
1.61 
1.18 

1.16 
0.91 
0.86 
0.67 

0.55 
1.48 
1.36 
1.20 

1.14 
1.04 
0.92 
0.84 


0.79 
0.67 
1.42 
0.54 

0.63 
0.87 
0.43 
2.07 

1.62 
1.70 
1.32 
1.36 

1.09 
0.69 
0.41 
0.87 

0.27 
0.23 
1.32 
1.03 

1.01 
0.79 
0.76 
0.69 

0.48 
1.29 
1.19 
1.06 

0.99 
0.91 
0.81 
0.73 


0.70 
0.61 
1.26 
0.48 

0.66 
0.32 
0.39 
1.84 

1.44 
1.51 
1.17 
1.20 

0.97 
0.52 
0.87 
0.33 

0.24 
0.20 
1.17 
0.92 

0.90 
0.71 
0.67 
0.52 

0.43 
1.15 
1.05 
0.93 

0.88 
0.81 
0.72 
0.66 


0.63 
0.46 
1.14 
0.43 

0.50 
0.80 
0.35 
1.66 

1.30 
1.36 
1.06 
1.08 

0.87 
0.47 
0.33 
0.29 

0.21 
0.18 
1.06 
0.83 

0.81 
0.63 
0.60 
0.47 

0.88 
1.03 
0.96 
0.84 

0.79 
0.73 
0.65 
0.59 



Safe loads given include weight of tee. Maximum fiber stress, 
16,000 lbs. per square inch. 
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SAFE LOADS IN TONS OF 2,000 LBS. UNIFORMLY 
DISTRIBUTED FOR CARNEGIE TEES 



SiM 
Flang* 
byStMtt 


▼eight 


Dist&nM between Supports in Feet 


1 


2 


3 


4 


6 


6 


7 

0.77 
0.66 
0.56 
0.46 

0.40 
0.57 
0.66 
0.68 

0.56 
0.46 
0.45 
0.38 

0.07 
0.32 
0.24 
0.25 

0.19 
0.11 
0.14 
0.11 

0.11 
0.08 
0.08 
0.05 

0.04 
0.02 


8 

0.67 
0.57 
0.49 
0.40 

0.85 
0.60 
0.58 
0.51 

0.49 
0.40 
0.39 
0.83 

0.06 
0.28 
0.21 
0.22 

0.17 
0.10 
0.13 
0.10 

0.09 
0.07 
0.07 
0.05 

0.03 
0.02 




0.60 
0.51 
0.44 
0.86 

0.31 
0.44 
0.52 
0.45 

0.48 
0.86 
0.35 
0.30 

0.05 
0.25 
0.19 
0.20 

0.15 
0.09 
0.11 
0.09 

0.08 
0.07 
0.06 
0.04 

0.03 
0.02 


lO 


3 x3 
3 x3 
3 x8 

3 x2;^ 

8 x2^ 

2>^x8 
2>^x3 

2Kx2|<: 
2>ix2^ 
2>^x2K 
2;^x2^ 

2>^xl^ 
2^x2X 
2Xx2X 
2 x2 

2 x2 
2 xl>^ 
1^x1^ 
l^xlX 

1^x1^ 
l>^xl>^ 

iXxiX 
iXxiX 

1 xi 
1 xl 


9.0 
7.9 

6.8 
7.2 

6.2 

7.4 
7.2 
6.2 

6.8 
5.9 
6.5 
5.6 

3.0 
5.0 
4.2 
4.4 

3.7 
8.2 
3.2 
8.7 

2.6 

2.0 
2.1 
1.7 

1.3 
1.0 


5.39 
4.59 
3.95 
3.20 

2.77 
4.00 
4.64 
4.05 

3.89 
3.20 
8.16 
2.67 

0.48 
2.24 
1.71 
1.76 

1.33 
0.80 
1.01 
0.80 

0.76 
0.59 
0.53 
0.37 

0.27 
0.16 


2.69 
2.29 
1.97 
1.60 

1.39 
2.00 
2.32 
2.03 

1.96 
1.60 
1.57 
1.33 

0.24 
1.12 
0.85 
0.88 

0.67 
0.40 
0.51 
0.40 

0.37 
0.29 
0.27 
0.19 

0.13 
0.08 


1.80 
1.53 
1.82 
1.07 

0.92 
1.88 
1.55 
1.85 

1.30 
1.07 
1.05 
0.89 

0.16 
0.75 
0.57 
0.59 

0.44 
0.27 
0.34 
0.27 

0.25 
0.20 
0.18 
0.12 

0.09 
0.05 


1.35 
1.15 
0.99 
0.80 

0.69 
1.00 
1.16 
1.01 

0.97 
0.80 
0.79 
0.67 

0.12 
0.56 
0.43 
0.44 

0.33 
0.20 
0.25 
0.20 

0.19 
0.15 
0.13 
0.09 

0.07 
04 


1.08 
0.92 
0.79 
0.64 

0.55 
0.80 
0.93 

0.81 

0.78 
0.64 
0.63 
0.53 

0.10 
0.45 
0.34 
0.35 

0.27 
0.16 
0.20 
0.16 

0.15 
0.12 
0.11 
0.07 

0.05 
0.03 


0.90 
0.76 
0.66 
0.53 

0.46 
0.67 
0.77 
0.68 

0.65 
0.53 
0.52 
0.44 

0.08 
0.37 
0.28 
0.29 

0.22 
0.13 
0.17 
0.13 

0.12 
0.10 
0.09 
0.06 

0.04 
0.03 


0.54 
0.46 
0.39 
0.32 

0.28 
0.40 
0.46 
0.41 

0.39 
0.32 
0.31 
0.27 

0.05 
0.22 
0.17 
0.18 

0.13 
0.08 
0.10 
0.08 

0.07 
0.06 
0.06 
0.04 

0.03 
0.02 



Safe loads given include weight of tee. 
16,000 lbs. per square inch. 



Maximum fiber stress, 
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SPACING OF STANDARD I-BEAMS FOR 

UNIFORM LOAD OF 100 LBS. 

PER SQUARE FOOT 

PROPER DISTANCE IN FEET CENTER TO CENTER OF BEAM^ 





24' I 


20' I 


18' I 


15' I 


12 


'I 


10' I 


il 


80 
lbs. 


80 
lbs. 


65 
lbs. 


55 

lbs. 


80 
lbs. 


60 
lbs. 


42 
lbs. 


40 
lbs. 


31.5 

lbs. 


25 
lbs. 


12 


128.9 


108.6 


86.6 


65.5 


78.6 


60.1 


43.6 


33.2 


26.6 


18.1 


13 


109.8 


92.6 


73.8 


55.8 


67.0 


51.3 


37.2 


28.3 


22.7 


15.4 


14 


94.7 


79.8 


63.7 


48.1 


57.7 


44.2 


32.1 


24.4 


19.6 


13.3 


15 


82.5 


69.5 


55.5 


41.9 


50.3 


38.5 


27.9 


21.3 


17.1 


11.6 


16 


72.5 
64.2 


61.1 
54.1 


48.7 
43.2 


36.8 
32.6 


44.2 
39.2 


33.8 
30.0 


24.6 
21.7 


18.7 
16.6 


16.0 
18.3 


10.2 


17 


9.0 


18 


57.3 


48.3 


38.5 


29.1 


34.9 


26.7 


19.4 


14.8 


11.8 


8.0 


19 


51.4 


43.3 


34.6 


26.1 


31.3 


24.0 


17.4 


13.2 


10.6 


7.2 


20 


46.4 


39.1 


31,2 


23.6 


28.3 


21.7 


15.7 


12.0 


9.6 


6.5 


21 


42.1 


35.5 


28.3 


21.4 


25.7 


19.6 


14.2 


10.8 


8.7 


6.9 


22 


38.4 


82.3 


25.8 


19.5 


23.4 


17.9 


13.0 


9.9 


7.9 


5 4 


23 


35.1 


29.6 


23.6 


17.8 


21.4 


16.4 


11.9 


9.0 


7.3 


4.9 


24 


32.2 


27.2 


21.7 


16.4 


19.6 


15.0 


10.9 


8.3 


6.7 


.4.5 


25 


29.7 


25.0 


20.0 


15.1 


18.1 


13.9 


10.1 


7.7 


6.1 


4.2 


26 


27.5 


23.1 


18.5 


13.9 


16.7 


12.8 


9.8 


7.1 


6.7 


3.9 


27 


25.5 


21.5 


17.1 


12.9 


15.5 


11.9 


8.6 


6.6 


5.3 


3.0 


28 


23.7 


20.0 


16.9 


12.0 


14.4 


11.0 


8.0 


6.1 


4.9 


3.3 


29 


22.1 


18.6 


14.8 


11.2 


13.5 


10.3 


7.5 


6.7 


4.6 


3.1 


80 


20.6 


17.4 


13.9 


10 5 


12.6 


9.6 


7.0 


6.3 


4.3 


2.9 



For load of 200 lbs. per square foot divide the spacing given by 2. 
Maximum fiber stress, 16,000 lbs. per square inch. 
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SPACING OF STANDARD I-BEAMS FOR 

UNIFORM LOAD OF 100 LBS. 

PER SQUARE FOOT 

PROPER DISTANCE IN FEET CENTER TO CENTER OF BEAMS 



p 

J. 3 


9"! 


8-1 


r I 


6"! 


5" I 


r I 


8' I 




21 
lbs. 


18 
lbs. 


15 

ibs. 


iZSiS 

lbs. 


9.75 
lbs. 


7.5 
lbs. 


5.5 

lb& 


5 


80.5 


60.7 


44.2 


31.0 


20.6 


12.7 


7.0 


6 

7 


55.9 
41.1 
31.5 
24.9 


42.1 
81.0 
23.7 

18.7 


30.7 
22.5 
17.3 
13.6 


21.5 

15.8 

12.1 

9.6 


14.8 

10.5 

8.1 


8.8 
6.5 


4.9 
8.6 


8 


5.0 
3.9 


2.8 


9 


6.4 


2.2 


10 


20.1 
16 6 


15.2 
12.5 


11.1 
9.1 


7.8 


5.2 
4.3 


8.2 
2.6 


1.8 


11 


6.4 


1.5 


12 


14.0 
11.9 
10.3 


10.5 
9.0 


7.7- 


5.4 
4.6 
4.0 


8.6 
3.1 
2.6 


2.2 
1.9 
1.6 


1.2 


13 


6.5 
5.6 


1.0 


14 


7.7 


0.9 


15 


9.0 


6.7 
5.9 


4.9 
4.3 


3.4 
8.0 


2.8 
2.0 


1.4 
1.2 




16 


7.9 




17 


7.0 


5.3 


8.8 


2.7 


1.8 


1.1 




18 


6.2 


4.7 


8.4 


2.4 


1.6 


.98 




19 


5.6 


4.2 


3.1 


2.2 


1.4 






20 


5.0 


8.8 


2.8 


1.9 


1.8 






21 


4.6 


8.4 


2.5 


1.8 


1.2 






22 


8.8 


8.1 


2.8 


1.6 1 


1.1 







For load of 200 lbs, per square foot divide the spacing given by 2. 
Maximum fiber stre&s, 16,000 lbs. per square Inob, 
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SPACING OF STANDARD I-BEAMS FOR 

UNIFORM LOAD OF 125 LBS. 

PER SQUARE FOOT 

PROPER DISTANOE IN FEET CENTER TO CENTER CF BEAMS 



p 


24' I 


20" I 


18' I 


15' I 


12' I 


10' I 


80 
Iba. 


80 
Ibt. 


85 
ibt. 


55 
Ibt. 


80 
lbs. 


60 
Iba. 


42 

Ibt. 


40 
Ibt. 


31.5 
lbs. 


25 
Ibt. 


12 


108.1 


86.9 


69.8 


52.4 


62.9 


48.1 


34.9 


26.6 


21.3 


14.6 


13 


87.8 


74.1 


59.0 


44.6 


58.6 


41.0 


29.8 


22.6 


18.2 


12.3 


14 


75.8 


68.8 


51.0 


88.6 


46.2 


85.4 


25.7 


19.5 


15.7 


10.6 


15 


66.0 


66.6 


44.4 


88.6 


40.2 


80.8 


22.3 


17.0 


13.7 


9.3 


16 


58.0 


48.9 


89.0 


29.5 


85.4 


27.0 


19.6 


15.0 


12.0 


8.2 


17 


51.4 


48.8 


84.6 


26.1 


31.4 


24.0 


17.4 


18.2 


10.6 


7.2 


18 


45.8 


88.6 


80.8 


28.8 


27.9 


21.4 


16.6 


11.8 


9.4 


6.4 


19 


41.1 


84.6 


27.7 


20.9 


25.0 


19.2 


18.9 


10.6 


8.5 


6.8 


20 


87.1 


81.8 


25.0 


18.9 


22 .'6 


17.4 


12.6 


9.6 


7.7 


6.2 


21 


88.7 


28.4 


22.6 


17.1 


20.6 


16.7 


11.4 


8.6 


7.0 


4.7 


22 


80.7 


25.8 


20.6 


15.6 


18.7 


14.8 


10.4 


7.9 


6.3 


4.3 


28 


28.1 


28.7 


18.9 


14.8 


17.1 


18.1 


9.5 


7.2 


5.8 


8.9 


24 


25.8 


21.8 


17.4 


18.1 


16.7 


12.0 


8.7 


6.6 


6.4 


8.6 


26 


28.8 


20.0 


16.0 


12.1 


14.5 


11.1 


8.1 


6.2 


4.9 


8.4 


26 


22.0 


18.6 


14.8 


11.2 


18.4 


10.2 


7.4 


5.7 


4.6 


3.1 


27 


20.4 


17.2 


18.7 


10.8 


12.4 


9.5 


6.9 


5.3 


4.2 


2.9 


28 


19.0 


16.0 


12.7 


9.6 


11.5 


8.8 


6.4 


4.9 


8.9 


2.6 


29 


17.7 


14.9 


11.8 


9.0 


10.8 


8.2 


6.0 


4.6 


8.7 


2.5 


80 


16.6 


18.9 


11.1 


8.4 


10.1 


7.7 


6.6 


4.2 


8.4 


2.3 



For load of 250 lbs. per square foot divide the spacing given by 2. 
Maximum fiber stress, 16,000 lbs. per square inch. 
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SPACING OF STANDARD I-BEAMS FOR 

UNIFORM LOAD OF 125 LBS. 

PER SQUARE FOOT 



PROPBR DISTANCE IN PBET CENTER TO CENTER OP BEAMS 



is 


9-1 


8"! 


7' I 


6' I 


5' I 


4"! 


8* I 


II 


21 

Ibt. 


18 
Ibt. 


15 
lb8. 


12.25 

lbs. 


9.75 
Iba. 


7J 
Ibt. 


5.5 

Ibfr 


5 


64.4 


48.6 


85.4 


24.8 


16.5 


10.2 


5.6 


6 


44.7 


88.7 


24.6 


17.2 


11.4 


7.1 


3.9 


7 


32.9 
25.2 
19.9 


24.8 
19.0 
15.0 


18.0 
18.8 
10.9 


12.6 
9.7 

7.7 


8.4 
6.4 


5.2 


2.9 


8 


4.0 
3.2 


2.2 


9 


6.1 


1.7 


10 


16.1 
18.8 


12.2 
10.0 


8.9 
7.8 


6.2 


4.1 
3.4 


2.6 
2.1 


1.4 


11 


5.1 


1.2 


12 


11.2 
9.5 
8.2 


8.4 

7.2 


6.1 


4.8 
8.7 
8.2 


2.9 
2.4 
2.1 


1.8 
1.6 
1.3 


1.0 


18 


5.2 
4.5 


0.8 


14 


6.2 




16 


7.2 


5.4 

4.7 


8.9 
8.4 


2.8 
2.4 


1.8 
1.6 


1.1 

1.0 




16 


6.8 




17 


5.6 


4.2 


8.1 


2.1 


1.4 






18 


6.0 


8.7 


2.7 


1.9 


1.3 






19 


4.5 


8.4 


2.4 


1.7 


1.1 






20 


4.0 


8.0 


2.2 


1.6 


1.0 






21 


8.7 


2.8 


2.0 


1.4 


0.9 






22 


8.8 


2.5 


1.8 


1.3 









For load of 250 lbs. per square foot divide the spacing given by 2. 
Maxim ui;a|flber stress, 16,000 lbs. per square inch. 
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SPACING OF STANDARD I-BEAMS FOR 

UNIFORM LOAD OF 150 LBS. 

PER SQUARE FOOT 

PROPER DISTANCE IN FEET CENTER TO CENTER OP BEAMS 



11 


24' I 


20' I 


18' I 


15' I 


12" 


I 


10' I 




80 
lbs. 


80 
lbs. 


65 

lbs. 


55 

lbs. 


80 

Ibt. 


60 
lbs. 


42 

lbs. 


40 
lbs. 


815 

lbs. 


25 

lbs. 


12 


85.9 


72.4 


57.7 


43.7 


52.4 


40.1 


29.1 


22.1 


17.7 


12.1 


13 


73.2 


61.7 


49.2 


87.2 


44.7 


34.2 


24.8 


18.9 


15.1 


10.8 


14 


63.1 


53.2 


42.5 


82.1 


88.5 


29.5 


21.4 


16.3 


13.1 


8.9 


15 


55.0 


46.3 


37.0 


27.9 


33.5 


25.7 


18.6 


14.2 


11.4 


7.7 


16 


48.3 
42.8 


40.7 
36.1 


82.5 

28.8 


24.5 

21.7 


29.5 
26.1 


22.5 
20.0 


16.8 
14.5 


12.6 

11.0 


10.0 
8.9 


6.8 


17 


6.0 


18 


38.2 


32.2 


25.7 


19.4 


23.8 


17.8 


12.9 


9.9 


7.9 


5.8 


19 


84.3 


28.9 


23.1 


17.4 


20.9 


16.0 


11.6 


8.8 


7.1 


4.8 


20 


80.9 

28.1 


26.1 
23.7 


20.8 
18.9 


15.7 
14.8 


18.9 
17.1 


14.5 
13.1 


10.5 
9.5 


8.0 


6.4 


4.3 


21 


7.2 


5.8 


8.9 


22 


25.6 


21.5 


17.2 


18.0 


15.6 


11.9 


8.7 


6.6 


5.3 


8.6 


23 


23.4 


19.7 


15.7 


11.9 


14.8 


10.9 


7.9 


6.0 


4.9 


8.8 


24 


21.5 


18.1 


14.5 


10.9 


13.1 


10.0 


7.8 


5.5 


4.5 


8.0 


25 


19.8 
18.8 


16.7 
15.4 


18.8 
12.8 


10.1 
9.8 


12.1 


9.8 


6.7 
6.2 


5.1 
4.7 


4.1 
8.8 


2.8 


26 


11.1 


8.5 


2.6 


27 


17.0 


14.8 


11.4 


8.6 


10.8 


7.9 


5.7 


4.4 


8.5 


2.4 


28 


15.8 


13.8 


10.6 


8.0 


9.6 


7.3 


5.3 


4.1 


8.3 


2.2 


29 


14.7 


12.4 


9.9 


7.5 


9.0 


6 9 


5.0 


8.8 


8.1 


2.1 


80 


18.7 


11.6 


9.3 


7.0 


8.4 


6.4 


4.7 


8.5 


2.9 


1.9 



For load of 800 lbs. per square foot divide the spacing given by S. 
Maximum fiber stress 16,000 lbs. per square inch. 
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SPACING OF STANDARD I-BEAMS FOR 






UNIFORM LOAD OF 150 LBS. 








PER SQUARE FOOT 






PROPER DISTANCE IN FEET CENTER TO CENTER OF BEAMS 


11 


9' I 


8' I 


7*1 


6"! 


5' I 


4' I 


8'1 


n 

Ibt. 


18 
lbs. 


15 
lbs. 


12^ 
Ibt. 


9.75 
Ibt. 


7i 
lbs. 


5.5 

Ibi. 


6 


68.7 


40.5 


29.5 


20.7 


18.7 


8.5 


4.7 


6 


87.8 


28.1 


20.5 


14.3 


9.5 


5.9 


8.8 


7 
8 
9 


27.4 
21.0 
16.6 


20.7 
16.8 
12.6 


15.0 

11.5 

9.1 


10.5 
8.1 
6.4 


7.0 
5.4 


4.8 


2.4 


8.8 
2.6 


1.8 


4.8 


1.5 


10 
11 


18.4 
11.1 


10.1 
8.8 


7.4 
6.1 


6.2 


8.4 

2.8 


2.1 
1.8 


1.2 


4.8 


1.0 


12 
18 
14 


9.8 
7.9 
6.9 


7.0 
6.0 


5.1 


8.6 
8.1 
2.6 


2.4 
2.0 
1.8 


1.6 
1.8 

1.1 


0.8 


4.4 
8.8 




6.2 




16 

16 


6.0 


4.6 
4.0 


8.8 
2.9 


2.8 

2.0 


1.5 
1.4 


0.9 




6.2 




17 


4.7 


8.6 


2.6 


1.8 


1.2 






18 


4.1 


8.1 


2.8 


1.6 


1.1 






19 


8.7 


2.8 


2.0 


1.4 


1.0 






20 


8.4 


2.6 


1.8 


1.8 








21 


8.0 


2.8 


1.7 


1.2 








22 


2.8 


2.1 


1.5 


1.1 










For load ( 


>f 800 lbs. per square foot divide the sp 


Euslng glT 


en by 2. 


«rMa: 


dmum fit 


>er stress, 


16,000 lbs. 


per squai 


•e Inch. 
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SPACING OF STANDARD I-BEAMS FOR 

UNIFORM LOAD OF 175 LBS. 

PER SQUARE FOOT 

PROPER DISTANCE IN PEET CENTER TO CENTER OP BEAMS 



n 


24'-' I 


20^-' I 


18''-' I 


W^l 


\2f^l 


lO^M 


80 
lbs. 


80 
lbs. 


85 

lbs. 


55 
lbs. 


80 
Ibi. 


60 
lbs. 


42 

lbs. 


40 
Ibi. 


81.5 
lbs. 


25 

Ibi. 


12 


73.7 


62.1 


49.5 


37.4 


44.9 


84.3 


24.9 


19.0 


15.2 


10.8 


13 


62.7 


52.9 


42.2 


31.9 


38.8 


29.3 


21.8 


16.2 


18.0 


8.8 


14 


54.1 


45.6 


86.4 


27.6 


33.0 


25.3 


18.8 


18.9 


11.2 


7.6 


15 


47.1 


39.7 


81.7 


23.9 


28.7 


22.0 


15.9 


12.2 


9.8 


6.6 


16 


41.4 


34.9 


27.8 


21.0 


25.3 


19.3 


14.0 


10.7 


8.6 


5.8 


17 


86.7 


30.9 


24.7 


18.6 


22.4 


17.1 


12.4 


9.4 


7.6 


5.1 


18 


82.7 


27.6 


22.0 


16.6 


19.9 


15.3 


11.1 


8.5 


6.7 


4.6 


19 


29.4 


24.7 


19.8 


14.9 


17.9 


13.7 


9.9 


7.5 


6.1 


4.1 


20 


26.5 


22.8 


17.8 


18.5 


16.2 


12.4 


9.0 


6.9 


5.5 


8.7 


21 


24.1 


20.8 


16.2 


12.2 


14.7 


11.2 


8.1 


6.2 


5.0 


8.4 


22 


21.9 


18.5 


14.7 


11.1 


18.4 


10.2 


7.4 


6.7 


4.5 


8.1 


23 


20.1 


16.9 


18.5 


10.2 


12.2 


9.4 


6.8 


6.1 


4.2 


2.8 


24 


18.4 


15.5 


12.4 


9.4 


11.2 


8.6 


6.2 


4.7 


8.8 


2.6 


25 


17.0 
15.7 


14.8 
18.2 


11.4 
10.6 


8.6 
8.0 


10.8 
9.5 


7.9 


5.8 


4.4 
4.1 


8.5 
8.8 


2.4 


26 


7.8 


5.3 


2.2 


27 


14.6 


12.8 


9.8 


7.4 


8.9 


6.8 


4.9 


8.8 


8.0 


2.1 


28 


13.5 


11.4 


9.1 


6.9 


8.2 


6.8 


4.6 


8.5 


2.8 


1.9 


29 


12.6 


10.6 


8.5 


6.4 


7.7 


5.9 


4.3 


8.8 


2.6 


1.8 


80 


11.8 


9.9 


7.9 


6.0 


7.2 


5.5 


4.0 


8.0 


2.5 


1.7 



For load of 350 lbs. per square foot divide the spacing given by 2. 
Maximum fiber stress, 16,000 lbs. per square luch. 
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SPACING OF STANDARD I-BEAMS FOR 

UNIFORM LOAD OF 175 LBa 

PER SQUARE FOOT 

PROPER DISTANCE IN FEET CENTER TO CENTER OP BEAMS 





9' I 


8' I 


7' I 


6' I 


5"! 


4' I 


8' I 




Ibt. 


18 
Ibt. 


15 
Ibt. 


12i5 

Um. 


«.75 
Um. 


7J 
Ibt. 


Ibt. 


5 


46.0 


84.7 


25.8 


17.7 


11.8 


7.8 


4.0 


6 


82.0 


24.1 


17.5 


12.8 


8.2 


5.1 


2.8 


7 


28.6 

18.0 
14.2 


17.7 
18.5 
10.7 


12.9 
9.9 

7.8 


9.0 
6.9 
5.5 


6.0 
4.6 


8.7 


2.1 


8 


2.8 
2.8 


1.6 


9 


8.6 


1.2 


10 


11.5 
9.5 


8.7 
7.1 


6.8 
5.2 


4.4 


8.0 
2.4 


1.8 
1.5 


1.0 


11 


3.7 


0.8 


13 


8.0 
6.8 
5.9 


6.0 
5.1 


4.4 


8.1 
2.6 
2.8 


2.1 
1.7 
1.5 


1.8 
1.1 
0.9 


0.7 


13 


8.7 
8.2 




14 


4.4 




15 


5.1 


8.9 
8.4 


2.8 
2.5 


2.0 

1.7 


1.8 
1.2 


0.8 




16 


4.5 




17 


4.0 


8.0 


2.2 


1.5 


1.0 






18 


8.6 


2.7 


2.0 


1.4 








19 


8.2 


2.4 


1.8 


1.2 








20 


2.9 


2.2 


1.6 


1.1 








21 


2.6 


2.0 


1.4 


1.0 








22 


2.4 


1.8 


1.8 


0.9 









For load of 850 lbs. per square foot divide the spacing given by 2. 
Maximum fiber stress, 16,000 lbs. per square inch. 
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EXPLANATION OF TABLES 

ON THE PROPERTlEa OF STANDARD AND SPECIAL X-BEAMS 

AND CHANNELS, STANDARD AND SPECIAL ANGLES, Z-BARS, 

TEES, TROUGH AND CORRUGATED PLATES 

AND STANDARD RAIL SECTJONS 

(Pages 97 to 120 inclusive.) 

The tables on I-beams, channels, Z-bars and angles are 
calculated for all weights to which each pattern is rolled. 

For tees, each shape can be rolled to one weight only. 

Columns 13 and 18 in the tables for I-beams and channels 
give coefficients by the help of which the safe, uniformly 
distributed load may be readily and quickly determined. To 
do this, it is only necessary to divide the coefficient gfiven by 
the span or distance between supports in feet. 

If a section is to be selected (as will usually be the case) 
intended to carry a certain load for a length of span already 
determined on, it will only be necessary to ascertain the 
coefficient which this load and span will require and refer to 
the table for a section having a coefficient of this value. The 
coefficient is obtained by multiplying the load in pounds 
uniformly distributed by the span length in feet 

In case the load is not uniformly distributed, but is con- 
centrated at the middle of the span, multiply the load by 2 and 
then consider it as uniformly distributed. The deflection will 
be -^ of the deflection for the latter load. 

For other cases of loading, obtain the bending moment in 
foot-pounds (the most common cases are given on page 94) ; 
this multiplied by 8 will give the coefficient required. 

If the loads are quiescent, the coefficients for fiber 
stress of 16,000 pounds per square inch for steel may be used; 
but if moving loads are to be provided for, the coefficient for 
12,500 pounds should be taken. Inasmuch as the effects of 
impact may be very considerable (the stresses produced in an 
unyielding, inelastic material by a load suddenly applied 
being double those produced by the same load in a quiescent 
*«), it will sometimes be advisable to use still smaller fiber 



Digitized by V^OOQ IC 



CARN£GI£ STEEL COMPANY 90 



Stresses than those given in the tables. In such cases the co- 
efficients can readily be determined by proportion. Thus, for 
a fiber stress of 8,000 lbs. per square inch the coefficient will 
equal the coefficient for 16,000 lbs. fiber stress divided by 2. 

The section moduli are used to determine the fiber stress 
per square inch in a beam or other shape, subjected to bending 
or transverse stresses, by simply dividing the same into the 
bending moment expressed in inch-potmds. 

The table on the properties of Carnegie T-shapes is 
modeled after the foregoing and will, therefore, scarcely 
requi'. j explanation. The horizontal portion of the T is called 
the flange and the vertical portion the stem. In the case of 
the neutral axis parallel to the flange, there will be two section 
moduli and the smaller is gplven. The fiber stress calculated 
from it will, therefore, gfive the larger of the two stresses in 
the extreme fibers, since these stresses are equal to the bend- 
ing moment divided by the section modulus of the section. 

For Carnegie Z-bars complete tables of moments of inertia, 
section moduli, radii of gyration and values of the coefficients 
(C) are given on pages 108 and 104 for thicknesses varying by 
^ in. These coefficients may be applied, as explained above, 
for cases where the Z-bars are subjected to transverse loading 
as, for example, in the case of roof-ptirlins. A table of safe 
loads of Z-bars is given on page 76. 

For angles there will be two section moduli for each posi- 
tion of the neutral axis, since the distance between the neutral 
axis and the extreme fibers has a different value on one side of 
the axis from what it has on the other. The section modulus 
given in the table is the smaller of these two values. 

Column 14 in the table of the • * Properties of Beams " gives 
the distance c. t. c. of beams, making the radii of gyration 
equal for both axes. 

The length of a beam used as a strut should not exceed 
125 times its least radius of gyration. 

Column 14 in the table of the "Properties of Standard 
Channels" gplves the distance which the channels should be 
placed back to back to make the radii of gyration equal for 
both axes. Column 15 in the same table can be used to obtain 
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the radius of g)nration for struts consisting of two channels 
when the distance back to back varies from that g^ven in the 
table. 

These tables have all been prepared with great care. No 
approximations have entered into any of the calculations, so 
that the figpires g^ven may be relied upon as accurate. 



EXAMPLES 



I. What section of I-beam will be required to carry 40,000 
lbs. tmiformly distributed, including its own weight, over a 
span of 16 feet between supports, allowing a fiber stress of 
16,000 lbs. per square inch ? 

Answer: The coefficient (C) required = 40,000 X 16 = 
640.000. 

In table of Properties of I-Beams, page 98, look in column 
13 for the nearest number corresponding to 640,000, which is 
648,200. Therefore the beam to be used is 15 in. 45 lbs. 

II. Whtft load uniformly distributed will a 6 in. Z-bar 
carry, weighing 18.3 lbs. per foot and measuring 12 ft. 
between supports, with a maximum fiber stress of 12,000 lbs.? 

Answer : From table on page 104 the coefficient (C) for 
a 6 in. Z-bar 18.8 lbs. = 78,600. Hence the safe load = 78,600 
-T- 12, or 6,550 lbs., including weight of Z-bar. 

III. A light 4 X 8 in. angle weighing 7.1 lbs. per foot, 
spanning 4 ft., is loaded with 1,000 lbs. at center. What will 
be the maximum fiber stress, if the 4 in. fiange is in a vertical 
position ? 

Answer: Bending moment = 12,000 inch-pounds. 

Prom table, section modtilus = 1 . 28. Therefore, maximum 

12 000 
fiber stress = .' . or 9,756 lbs., which is the stress furthest 

>om the neutral axis, /. e. , at the end of the long fiange. 

Digitized by V^OOQ IC 



CARNEGIE STEEL COMPANY 92 



SPECIAL CASES OF LOADING 



I. Beam loaded by a single load P at a point distant *• b " 
feet from the left hand and **a" feet from the right hand 
support. 

1 = length of beam between supports = a + b. 

Pressure or reaction at left hand support = P-r— and at 
right hand support = P—v—. 

Maximum bending moment neglecting dead weight of 

Pab 
beam occurs at point of application of the load and = —^ — . 

P = load given in tables, pages 70 to 80 X -5— t^• 
Whena=b= \\\ 

P PI 

Reaction = —^; maximum bending momenta— j-oxiA P 

= load given in tables X ^. 

II. Beam fixed at one end and unsupported at the other, 
1 representing the length of beam from end to support. 

If loaded by a tmiformly distributed load W: 

Wl 
Maximum bending moment occurs at support and = -^-. 

a 

W = load given in tables, pages 70 to 80 X X- 
If loaded with a single load P at its extremity: 

Maximum bending moment occurs at support and = PL 

P = load given in tables X H* 
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GENERAL FORMUUE ON THE FLEXURE OF BEAMS OP 
ANY CROSS-SECTION 

Let A = area of section in square inches, 

1 = length of span in inches, 
W = load uniformly distributed in pounds, 

M = bending moment in inch-pounds, 

h = height of cross-section, out to out, in inches, 

n = distance of center of gravity of section, from top or 
from bottom, in inches, 

f = stress per square inch in extreme fibers of beam, 
either top or bottom, in pounds, according as n re- 
lates to distance from top or from bottom of section, 

D = maximum deflection in incnes, 

I = moment of ihertia of section neutral axis through 
center of gravity, 

I'= moment of inertia of section neutral axis parallel to 
above, but not through center of gravity, 

d = distance between these neutral axes, 

S = section modulus, 

r = radius of gyration in inches, 

E = modulus of elasticity for steel 29,000,000; 



I /^ 

Then: S = --!-. ^=|/~X 

Mn M 



f = 



I S 

In 1 

-___Wln___JWl 

"" 81 ~ 8S ' 
r= I -h Ad«, 
«^ _ 5 Wl« for beam supported at both ends and uni- 

~ 884 EI f ormly loaded, 
j^__ Pl» for beam supported at both ends and loaded • 

"" 48 EI with a single load P at middle, 
_ __ Wl* for beam fixed at one end and unsupported 

~~ 8 EI at the other and uniformly loaded, 
r> — ^^' ^^^ beam fixed at one end and unsupported 

~ ~8 EI at other and loaded with a single load P at 
the latter end. 
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BENDING MOMENTS AND DEFLECTIONS OF BEAMS UNDER 
VARIOUS SYSTEMS OF LOADING 



W=total load 
Islength of beam 



(1) Bam fixed at one aid and loaded al the 
other. 



S, 



-4- 



Saf e load=H ^^^ givem. in tables. 
Maximum bending^ moment at 

point of 8upport=Wl. 
Maximnm shear at point of sup- 

port=W. 

Deflection = -g^. 



I=moment of Inertia 
£=moduln8 of elasticity 



(2.) Bean fixed at out end and udfinBljloadii 



-+- 



^ 



Safe loads 3< that given in tables. 
T>en- 

point of supports-^. 



Maximum 



ending moment 



Dum I 
port=W. 

Deflection: 



Wl« 
'8 EI* 



(8.) Betm nmrted at boft endi^ linglo load in 



H- 



Safe load=K that sfiyen in tables. 
Maximum bending: moment at mid- 
dle of beam=-7-. 

Maximum shear at points of sup- 
port=KW. ^^, 

Deflection =-gg.j. 



(4.) Betm sopportod at boft endiand nniftml^ 



Safe load=that sfiven in tables. 
Maximum bendinjr mon?ent at mid- 

die of beam=-g-. 

Maximum shear at points of sup> 
Port=HW.^, 

Deflectlon=^i5;g^. 



(5.) Betm iqmortad at both ondi* tingle onsjm- 



* 



(6.) Beam supported at both end% two ^7Bme». 
rietlloadi. 



|g^ J. n^ 

Safe load as that given in tables 

^8ab 
Maximum bending moment under 
, - Wab 
loads -| — • 

Maximum shears: at support near 
Wb , ,^ _ Wa 

a»— r— ; at other support =— r-' 



-H 



Max.Deflec.s^^^Ji!^-^> VT^(8^ 



9EI/ 



Safe load s that given in tables 

Maximum bending moment be- 
tween loadss^Wa. 

Maximum shear between load and 
nearer supports^W. 

Max. Deflection=^j(8/«-4a*). 
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VALUES OF MOMENTS OF INERTIA FOR 
CARNEGIE STANDARD SHAPES 



I = Moment of Inertia Nentral Axis Parallel to Flange 
I'= " " " " " " " Web 




Area= A=dt+ (s+y)2z. 
r=A[b»(d-h)+lt»+A(b*-t*)]. 



sr-'' 



Area=A=dt+(s+y)z. 

x=[b«s-hiht»+TV(l>— t)»(b+2t)]-:-A. 

I=A[bd«-f(h*-14)]. 

r=J[2sb»-hlt«+^jf(b4— t4)]_Ax». 






:i-^ 



Area=A=(d+2c)t. 

I=^3f[bd3— c(2h— d)8]. 

I'=3iy[d(b+c)«— 2hc(c«+3b«)]. 



Area=A=(b+d— t)t. 
_ t(2h+b)+h« 
""- 2(h+b) * 
I = J[bx8 + t(d— x) «— (b— t) (X— t) 8]. 
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VALUES OF I (Moment off Inertia) AND S (Section Modulus) 
FOR USUAL SECTIONS 



Sections 



B 



1= 



12* 



bh« 
6 • 



L-x.i 



r= 



bh« 



H—b — M 



bh» 



Min.= 



bh» 
24* 



V.-?i 



r= 



bh» 
13' 




Trd* 
64 
=0.0491 d*. 



^d» 



=0.0982 d8. 



j*-b-* 



^:::---T 



^-- . 



bh«-b^h'« 
"" 12 * 



I 
0.6h* 




i>'-^— -- 



1=0.0491 (d^-d'*). 



0.0982('d«~') 



-»P.>- 




— b--^ 



— t 

rt' 
—J 



j_ b'n«H-bii's-(b-b>8 



Min.= — . 
n 






1 = 



bh»-^bV» 
12 • 



I 
0.6h- 



XX Denotes position of neutral axis. 
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PROPERTIES 


OF 






1 


2 


8 


4 


6 


6 


7 


8 


9 


i 

1 


k 
I' 


1 


II 

u 




i 


li 




r 






100.00 


29.41 


0.754 


7.264 


2380.8 


48.56 


9.00 






95.00 


27.94 


0.692 


7.192 


2809.6 


47.10 


9.09 


B 1 


24 


90.00 


26.47 


0.681 


7.181 


2289.1 


45.70 


9.20 






85.00 


25.00 


0.670 


7.070 


2168.6 


44.85 


9.81 






80.00 


23.82 


0.600 


7.000 


2087.9 


42.86 


9.46 






100.00 


29.41 


0.884 


7.284 


1655.8 


62.65 


7.60 






95.00 


27.94 


0.810 


7.210 


1606.8 


60.78 


7.58 


B 2 


20 


. 90.00 


26.47 


0.787 


7.187 


1557.8 


48.98 


7.67 






85.00 


25.00 


0.668 


7.068 


1508.7 


47.25 


7.77 






80.00 


28.73 


0.600 


7.000 


1466.5 


46.81 


7.86 






75.00 


22.06 


0.649 


6.899 


1268.9 


80.26 


• 7.68 


B 3 


20 


70.00 


20.59 


0.575 


6.826 


1219.9 


29.04 


7.70 






66.00 


19.08 


0.600 


6.250 


1169.6 


27.86 


7.83 






70.00 


20.59 


0.719 


6.259 


921.8 


24.62 


6.69 


B80 


18 


66.00 


19.12 


0.687 


6.177 


881.6 


28.47 


6.79 






60.00 


17.65 


0.655 


6.096 


841.8 


22.88 


6.91 






66.00 


16.93 


0.460 


6.000 


796.6 


21.19 


7.07 






100.00 


29.41 


1.184 


6.774 


900.6 


60.98 


6.58 


B 4 


' 


95.00 


27.94 


1.085 


6.676 


872.9 


48.87 


6.59 


16 


90.00 


26.47 


0.987 


6.677 


846.4 


46.91 


5.65 






85.00 


25.00 


0.889 


6.479 


817 8 


48.57 


6.72 






80.00 


23.81 


0.810 


6.400 


795.5 


41.76 


6.78 






75.00 


22.06 


0.882 


6.292 


691.2 


80.68 


5.60 


B 6 


15 


70.00 


20.59 


0.784 


6.194 


668.6 


29.00 


6.68 






65.00 


19.12 


0.686 


6.096 


686.0 


27.42 


6.77 






60.00 


17.67 


0.590 


6.000 


609.0 


25.96 


5.87 






55.00 


16.18 


0.656 


5.746 


611.0 


17.06 


6.62 


B 7 


16 


50.00 


14.71 


0.568 


6.648 


488.4 


16.04 


6.78 






45.00 


18.24 


0.460 


5.560 


455.8 


15.00 


6.87 






42.00 


12.48 


0.410 


5.500 


441.7 


14.62 


6.96 






65.00 


16.18 


0.822 


5.612 


821.0 


17.46 


4.45 


B 8 


12 


60.00 


14.71 


0.699 


6.489 


803.8 


16.12 


4.54 






46.00 


18.24 


0.576 


5.866 


285.7 


14.89 


4.65 






40.00 


11.84 


0.460 


5.250 


268.9 


18.81 


4.77 


B 9 


12 


85.00 


10.29 


0.486 


6.066 


228.8 


10.07 


4.71 






31.60 


9.26 


0.350 


5.000 


215.8 


9.60 


4.8? 






40.00 


11.76 


0.749 


6.099 


158.7 


9.60 


8.67 


Bll 


10 


85.00 


10.29 


0.602 


4.962 


146.4 


8.52 


8.77 






80.00 


8.82 


0.465 


4.805 


184.2 


7.66 


8.90 






25.00 


7.87 


0.310 


4.660 


122.1 


6.89 


4.07 






85.00 


10.29 


0.782 


4.772 


111.8 


7.81 


8.29 


B13 


9 


80.00 


8.82 


0.569 


4.609 


101.9 


6.42 


8.40 






25.00 


7.35 


0.406 


4.446 


91.9 


6.65 


8.64 






21.00 


6.81 


0.290 


4.330 


84.9 


6.16 


8.67 



L=8afe load in pounds nniformlj distribnted; l=8pan in feet 
V'=Moment of foroes in foot poonds; and C'=Coeffioient8 giren on opposite jMga. 
Weights in heavy print are standard, others are special. 
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I-BEAMS 



10 


11 


12 


13 


14 


16 


i|li 




iBid 


Coefficient of 
Strength for 
Fiber^essof 
12,500 lbs. per 
sg.in. Used 
?or Bridges 




i 
1 


? 


s 


c 


c 


'^ X JL 




1.28 


196.4 


2115800 


1658000 


17.83 




1.80 


192.6 


2052900 


1608900 


17.99 , 




1.81 


186.6 


1990800 


1554900 


18.21 


B 1 


1.88 


180.7 


1927600 


1506900 


18.48 




1.86 


174.0 


1866900 




18.72 




1.84 


165.6 


1766100 


1879800 


14.76 




1.85 


160.7 


1718900 


1889000 


14.92 




1.86 


155.8 


1661600 


1298100 


15.10 


B 2 


1.87 


150.9 


1609800 


1257200 


15.80 




1.39 


146.7 


1664300 


1222100 


16.47 




1.17 


126.9 


1858500 


1057400 


14.96 




1.19 


122.0 


1801200 


1016600 


15.21 


B 8 


1.21 


117.0 


1247600 


974700 


16.47 




1.09 


102.4 


1091900 


858000 


18.20 




1.11 


97.9 


1044800 


816200 


18.40 


B80 


1.18 


96.5 


997?00 


779500 


18.68 


1.16 


88.4 


943000 


736700 


13.96 




1.81 


120.1 


1280700 


1000600 


10.75 




1.82 


116.4 


1241500 


969900 


10.86 




1.82 


112.7 


1202800 


989800 


10.99 


B 4 


1.82 


109.0 


1168000 


908600 


11.18 




1.32 


106.1 


1131300 


883900 


11.26 




1.18 


92.2 


988000 


768000 


10.96 




1.19 


88.5 


948800 


787400 


11.11 


B 6 


1.20 


84.8 


904600 


706700 


11.29 


1.21 


81.2 


866100 


676600 


11.49 




1.02 


68.1 


726800 


567800 


11.06 




1.04 


64.5 


687600 


587100 


11.27 


B 7 


1.07 


60.8 


648200 


506400 


11.54 


1.08 


68.9 


628300 


490800 


11.70 




1.04 


58.5 


570600 


445800 


8.65 




1.06 


60.6 


580000 


421800 


8.88 


B 8 


1.06 


47.6 


507900 


896800 


9.06 


1.08 


44.8 


478100 


373600 


9.29 




0.99 


88.0 


405800 


817000 


9.21 


B 9 


1.01 


36.0 


383700 


299700 


9.46 


0.90 


81.7 


88S600 


264500 


7.12 




0.91 


29.8 


812400 


244100 


7.82 


B 11 


0.96 


26.8 


286800 


228600 


7.57 


0.97 


24.4 


260600 


20360O 


7.91 




0.84 


24.8 


265000 


207000 


6.86 




0.86 


22.6 


241500 


.188700 


7.58 


B 18 


0.88 


20.4 


217900 


170800 


6.86 


0.90 


18.9 


201300 


167300 


7.12 





L= 



Core 



CorC 



CorC'=L/=8M'=" 



8fS 
12 • 
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PROPERTIES 


OF 






1 


2 


3 


4 


6 


6 


7 


8 





J 

i 


1. 

r 


1 

If 


II 


|si 


1. 
r 


11' 




r 


B16 


8 


25.60 

28.00 

20.60 

18.00 


7.60 

6.76 

6.08 

6.33 


0.641 

0.449 

0.857 

0.270 


4.271 

4.179 

4.087 

4.000 


68.4 

64.5 

60.6 

66.0 


4.75 

4.89 

4.07 

3.78 


8.02 

8.09 

8.17 

327 


B17 


7 


20.00 

17.60 

16.00 


6.88 

6.15 

4.42 


0.468 

0.858 

0.260 


8.868 

8.763 

3.660 


42.2 

89.2 

36.2 


8.24 

2.94 

2.67 


2.68 

2.76 

2.86 


BIO 


6 


17.25 

14.75 

12.26 


6.07 

4.84 

3.61 


0.475 

0.852 

0.230 


8.675 

8.452 

3.330 


26.2 

24.0 

21.8 


2.86 

2.09 

1.86 


2.27 

2.86 

2.46 


B21 


6 


14.75 
12.26 
0.76 


4.84 

8.60 

2.87 


0.604 

0.857 

0.210 


8.294 

8.147 

3.000 


16.2 

18.6 

12.1 


1.70 

1.45 

1.23 


1.87 

1.94 

2.06 


B23 


4 


10.50 
9.60 
8.60 

7.60 


8.09 

2.79 

2.60 

2.21 


0.410 

0.887 

0.268 

0.100 


2.880 

2.80r 

2.783 

2.660 


7.1 
6.7 
6.4 
6.0 


1.01 

0.98 

0.85 

0.77 


1.62 

1.56 

1.59 

1.64 


B77 


3 


7.50 

6.50 

6.60 


2.21 

1.91 

1.63 


0.861 

0.268 

0.170 


2.621 

2.423 

2.330 


2.9 
2.7 
2.6 


0.60 

0.58 

0.46 


1.16 

1.19 

1.23 



Weights in heavy print are standard, others are special. 

PROPERTIES OF CARNEGIE TROUGH 
PLATES 







1 


g« 


n 


1^ 


11 


11 


9%tZH 


^ 


16.8 


4.8 


9^A^H 


' \ 


18.0 


5.8 


9px34 


H 


19.7 
21.4 


5.8 
6.8 


^' 


23.2 


6.8 



M 10 
M 11 
M 12 
M 18 
M 14 



8.68 
4.18 
4.57 
5.02 
5.46 



1.88 
1.57 
1.77 
1.96 
2.16 



0.91 
0.91 
0.90 
0.90 
0.90 
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I-BEAMS-Continued 



10 






0.80 

0.81 

0.82 

0.84 

0.74 

0.76 

0.78 

0.68 

0.69 

0.72 

0.68 

68 

0.66 

0.57 

0.58 

0.58 

0.69 

0.52 

0.52 

0.68 



11 






17.1 

16.1 

15.1 

14.2 

12.1 

11.2 

10.4 

8.7 
8.0 
7.8 

6.1 

6.4 

4.8 

8.6 
8.4 
8.2 
8.0 

1.9 
1.8 
1.7 



12 




182500 

172000 

161600 

161700 

128600 

119400 

110400 

98100 



77600 

64600 

58100 

61600 

88100 
86000 



81800 

20700 

19100 

17600 



18 




142600 

184400 

126200 

118600 

100400 

98800 

86800 

72800 

66600 

60600 

50500 

45400 

40800 



28100 

26500 

24900 

16200 

16000 

13800 



14 




16 



B 15 

B 17 

B 19 

B 21 

B 23 

B 77 



PROPERTIES OF CARNEGIE CORRUGATED 
PLATES 



2i 






ill 



II 



l-a 



M 80 
M 81 
M 82 
M 88 
M 34 
M86 




8.1 
10.1 
12.0 
17.75 
20.71 
28.67 



2.4 
8.0 
8.5 
5.2 
6.1 
7.0 



0.64 
0.95 
1.25 
4.79 
5.81 



0.80 
1.18 
1.42 
8.88 
8.90 
4.46 



yGOOgt 



0.62 
0.57 
0.62 
0.96 
0.98 
0.99 
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PROPERTIES 


OF 






1 


2 


3 


4 


6 


6 


7 


8 


9 


1 


1 


1 
If 


li 

U 


|5i 


fi 


li 


1^ 


r 






65.00 


16.18 


0.818 


8.818 


430.2 


12.19 


6.16 






50.00 


14.71 


0.720 


8.720 


402.7 


11.22 


6.28 


C 1 


16 


45.00 


18.24 


0.622 


8.622 


875.1 


10.29 


6.82 


40.00 


11.76 


0.524 


8.524 


847.5 


9.39 


6.48 






85.00 


10.29 


0.426 


8.426 


820.0 


8.48 


6.68 






33.00 


9.90 


0.400 


3.400 


312.6 


8.23 


6.62 






40.00 


11.76 


0.758 


8.418 


197.0 


6.63 


4.09 






85.00 


10.29 


0.686 


8.296 


179.8 


6.90 


4.17 


C 2 


12 


80.00 


S.82 


0.518 


8.178 


161.7 


6.21 


4.28 






25.00 


7.85 


0.890 


8.050 


144.0 


4.58 


4.48 






20.60 


6.03 


0.280 


2.940 


128.1 


3.91 


4.61 






85.00 


10.29 


0.828 


8.188 


115.6 


4.66 


8.86 






80.00 


8.82 


0.676 


8.036 


103.2 


8.90 


8.42 


C 3 


10 


25.00 


7.86 


0.529 


2.889 


91.0 


8.40 


8.62 






20.00 


6.88 


0.882 


2.742 


78.7 


2.85 


8.66 






16.00 


4.46 


0.240 


2.600 


66.9 


2.30 


3.87 






«5.00 


7.35 


0.615 


2.816 


70.7 


2.98 


8.10 


C 4 


9 


20.00 


6.88 


0.452 


2.662 


60.8 


2.46 


8.21 


15.00 


4.41 


0.288 


2.488 


60.9 


1.95 


8.40 






13.26 


3.89 


0.230 


2.430 


47.3 


1.77 


3.49 






2t.26 


6.25 


0.582 


2.622 


47.8 


2.25 


2.77 






18.76 


6.51 


0.490 


2.680 


43.8 


2.01 


2.82 


C 6 


8 


16.26 


4.78 


0.899 


2.489 


89.9 


1.78 


2.89 






18.75 


4.04 


0.807 


2.847 


86.0 


1.56 


2.98 






11.26 


3.36 


0.220 


2.260 


32.3 


1.33 


3.11 






19.75 


6.81 


0.688 


2.618 


88.2 


1.86 


2.89 






17.25 


6.or 


0.528 


2.408 


80.2 


1.62 


2.44 


C 6 


7 


14.76 


4.84 


0.428 


2.303 


27.2 


1.40 


2.60 






12.25 


8.60 


0.818 


2.198 


24.2 


1.19 


2.69 






9.76 


2.86 


0.210 


2.090 


21.1 


0.98 


2.72 






15.60 


4.56 


0.668 


2.288 


19.6 


1.28 


2.or 


C 7 


6 


18.00 


8.82 


0.440 


2.160 


17.8 


LOT 


2.18 


10.60 


8.09 


0.818 


2.088 


16.1 


0.88 


2.21 






8.00 


2.38 


0.200 


1.920 


13.0 


0.70 


2.34 






11.50 


8.88 


0.477 


2.087 


10.4 


0.82 


1.75 


C 8 


6 


9.00 


2.65 


0.830 


1.890 


8.9 


0.64 


1.88 






e.6o 


1.96 


0.190 


1.760 


7.4 


0.48 


1.96 






7.25 


2.18 


0.325 


1.726 


4.6 


0.44 


1.46 


C 9 


4 


6.25 


1.84 


0.252 


1.652 


4.2 


0.88 


1.61 






6.26 


1.66 


180 


1.680 


3.8 


0.32 


1.66 






6.00 


1.76 


0.862 


1.602 


2.1 


0.81 


1.08 


C 72 


3 


6.00 


1.47 


0.264 


1.504 


1.8 


0.26 


1.12 






4.00 


1.19 


0.170 


1.410 


1.6 


0.20 


1.17 



L=8aft load in jMonds imlformly distributed; l=Span in feet 
M'=Moment of forces in foot pounds; and G'=(}oeffioients given on opposite page. 
Weights in heavy print are standard, others are special. 
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CHANNELS 



lO 


11 


12 


13 


14 


15 


16 






lilt 


J|||l| 


S 




1 


r' 


s 


c 


C 


|J L 


X 




.868 


67.4 


611900 


478000 


8.58 


0.828 




.878 


63.7 


572700 


447400 


8.71 


0.808 




.882 


50.0 


588500 


416800 


8.93 


0.788 


C 1 


.896 


46.8 


494200 


886100 


9.15 


0.788 


.908 


42.7 


456000 


855600 


9.48 


0.789 




.912 


41.7 


444500 


847300 


9.50 


0.794 




.751 


82.8 


850200 


278600 


6.60 


0.722 




.757 


29.9 


818800 


249100 


6.81 


0694 




.768 


86.9 


287400 


224500 


7.07 


0.677 


C 2 


.785 


24.0 


256100 


200000 


786 


0.678 




.806 


21.4 


227800 


178000 


7.67 


0.704 




.672 


23.1 


246400 


192500 


5.17 


0.695 




.673 


80.6 


220800 


172100 


5.40 


0.651 




.680 


18.2 


IMIOO 


151700 


6.67 


0.620 


C 3 


.696 


15.7 


168000 


181200 


5.97 


0.609 




.718 


18.4 


142700 


111500 


6.33 


0.639 




.687 


15.7 


167600 


180900 


4.84 


0.615 




i.646 


18.5 


144100 


112600 


5.12 


0.685 


C 4 


'.665 


11.8 


120600 


94200 


6.49 


0.590 


.674 


10.6 


112200 


87600 


6.68 


0.607 




.600 


11.9 


127400 


99500 


4.28 


0.587 




.608 


11.0 


116900 


91800 


4.88 


0.667 




.610 


10.0 


106400 


88200 


4.54 


0.556 


C 6 


.619 


9.0 


96000 


75000 


4.72 


0.557 




.630 


8.1 


86100 


67300 


4.94 


0.576 




.665 


9.5 


101100 


79000 


8.48 


0.588 




.604 


8.6 


92000 


71800 


8.64 


0.565 




.568 


7.8 


82800 


64700 


8.80 


0.585 


C 6 


.575 


6.9 


78700 


57600 


8.99 


0.628 




.586 


6.0 


66800 


62200 


4.22 


0.646 




.629 


65 


69500 


54800 


2.91 


0.546 




.629 


5.8 


61600 


48100 


8.09 


0.517 


C 7 


.684 


6.0 


58800 


48000 


8.28 


0.508 


642 


4.8 


46200 


86100 


8.52 


0.617 




.498 


4.2 


44400 


84700 


2.84 


0.506 




.498 


8.5 


87900 


29600 


2.56 


0.481 


C 8 


.498 


3.0 


31600 


24700 


2.79 


0.489 




.455 


2.8 


84400 


19000 


1.85 


0.468 




.454 


2.1 


22800 


17400 


1.96 


0.468 


C 9 


.458 


1.9 


20200 


15800 


2.06 


0.464 




.421 


1.4 


14700 


11500 


1.07 


0.459 




.415 


1.8 


18100 


10800 


1.19 


0.448 


C72 


.409 


1.1 


11600 


9100 


1.31 


0.443 





CorC 



M' 



CorC" 
8 



CorC'=L/=8M'= 



8fS 
12 * 
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PROPERTIES OF 



i 
i 



i. 



f 



Z 1 

Z 2 

Z 3 

Z 4 

Z 6 

Z 6 

Z 7 

Z 8 

Z 

Z 10 
Z 11 
Z 12 



6 
6 
6 
6 
6 
6 
4 
4 
4 

8 

8 
8A 

8 

3A 



16.6 
18.8 
21.0 

22.7 
26.4 

2ao 

29.8 
81.9 
84.6 

11.6 
18.9 
16.4 

17.9 
20.2 
22.6 

28.7 
26.0 
28.8 

8.2 
10.8 
12.4 

13.8 
16.8 
17.9 

18.9 
20.9 
23.0 

6.7 
8.4 

9.7 

11.4 

12.6 
14.2 



6 



51 



4.69 
6.89 
6.19 

6.68 
7.46 
8.26 

8.68 

9.40 

10.17 

8.40 
4.10 
4.81 

6.26 
6.94 
6.64 

6.96 
7.64 
8.83 

2.41 
3.08 
8.66 

4.06 
4.66 
QJ27 

6.66 
6.14 
6.76 

1.97 
2.48 

2.86 
8.86 

8.69 
4.18 



Momenta of InertU 
I 



26.32 
29.80 
84.86 

84.64 
88.86 
48.18 

42.12 
46.13 
60.22 

18.86 
16.18 
19.07 

19.19 
21.88 
24.68 

23.68 
26.16 
2a70 

6.28 
7.94 
9.68 

9.66 

11.18 
12.74 

12.11 
18.62 
14.97 

2.87 
a64 

8.86 
4.67 

4.69 
6.26 



111 



9.11 
10.96 
12.87 

12.69 

14.42 
16.84 

16.44 
17.27 
19.18 

6.18 
7.66 
9.20 

9.06 
10.61 
12.06 

11.87 
12.83 
14.86 

4.28 
6.46 
6.77 

6.73 
7.96 
9.26 

8.78 

9.96 

11.24 

2.81 
3.64 

8.92 
4,76 

4.86 
6.70 
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STANDARD Z-BARS 




8.06 
8.43 



1.62 
1.62 
1.62 

1.66 
1.66 
1.66 

1.48 
1.48 
1.49 

1.21 
1.21 

1.16 
1.17 

1.12 
1.12 



1.41 
1.48 
1.44 


0.83 
0.84 
0.84 


1.37 
1.39 
1.41 


0.81 
0.82 
0.84 


1.34 
1.36 
1.37 


0.81 
0.82 
0.83 


1.36 
1.37 
1.38 


0.76 
0.76 
0.77 


1.31 
1.33 
1.36 


0.74 
0.76 
0.76 


1.28 

1.30 
1.31 


0.73 
0.76 
0.76 


1.33 
1.34 
1.36 


0.67 
0.68 
0.69 


1.29 

1.31 
1.33 


0.66 
0.67 
0.69 


1.25 
1.27 
1.29 


0.66 
0.67 
0.69 


1.19 
1.21 


0.66 
0.66 


1.17 
1.19 


0.66 
0.66 


1.15 
1.17 


0.66 
0.66 



90000 
104800 
119700 

123200 
136700 
160400 

149800 
162300 
174900 

67000 
68200 
79400 

81900 

91900 

102100 

101000 
110300 
119600 

33600 
41700 
49800 

61600 
68700 
66900 

64600 
70900 
77400 

20600 
26400 

27400 
31800 

3260O 
3660O 



67600 
78600 
89800 

92400 
102600 
112800 

112300 
121800 
131200 

42700 
61100 
69600 

61400 
69000 
76600 

76800 
82700 
89600 

26100 
31300 
37400 

38600 
44000 
49400 

48400 
63200 
68100 

16400 
19000 

20600 
23800 

24600 
27400 



Z 1 

Z 2 

Z 3 

Z 4. 

Z 5 

Z 6 

Z 7 

Z 8 

Z 9 

Z lO 

Z 1 1 

Z 12 
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CARNEGIE STEEI« COMPANY 



PROPERTIES OF 



Section 
Index 



T50 

T61 

T62 

T53 
T64 

T66 
T6e 

T57 
T68 

T60 
T60 

T 1 
T 2 

Tei 

Te2 

Tea 

T64 

Te6 
Tee 

T67 

T 3 
T 4 

Te9 
T70 
T71 

T72 
T73 
T74 

T76 



Sise^naage 
brStem 
mkm 



6 x3 

5 x2M 

4^x3?^ 

4^x3 
4^x3 

4Kx2K 



4 x6 

4 x6 

4 x4^ 

4 x4;^ 

4 x4 

4 x^ 

4 x3 



x2^ 
x2>j 



x2 
x2 



3Mx4 
3^^x4 

SHxSH 
3>^x3M 

3Kx3 
35^x3 
3Mx3 

3 x4 
3 x4 
3 x4 

3 x3K 



¥eielit 
per root 
Ponudi 



i8.e 

11.0 
16.9 

8.e 

10.0 

8.0 
9.3 

15.7 
12.3 

14.8 

ii.e 

13.9 
10.9 

9.3 

8.7 
7.4 

7.9 

e.7 

12.8 
10.0 

119 
9.3 

11.0 
8.7 

7.7 

11.9 

lo.e 

9.3 
11.0 



Am 

of 

8eeti(» 

Squjuro 



8.99 

3.24 

4.e5 

2.66 
3.00 

2.40 
2.79 

4.6e 
3.64 

4.29 
3.3e 

4.02 
3.21 

2.78 

2.52 
2.ie 

2.31 
1.96 

3.75 
2.91 

3.46 
2.70 

3.21 
2.49 
2.28 

3.48 
3.12 
2.73 

3.21 



Distuoo 
ofCentarof 

from 

Ontsid^ 

ofFUng^ 

Inches 



0.76 

0.85 

1.11 

0.73 
0.76 

0.68 

o.eo 

1.6e 

1.61 

1.87 
1.31 

1.18 
1.16 

0.78 

0.83 

o.eo 

0.48 
0.51 

1.26 

1.19 

i.oe 

1.01 

0.88 
0.83 
0.78 

1.82 
1.32 
1.29 

1.12 



Moment 

oflnertiB, 

Nentnaixii 

thronffh Center 

of uraTitr 

FuraUel 

toPUnge 



2.e 
i.e 

5.1 

1.8 

2.1 

1.1 
1.2 

10.7 
8.6 

8.0 

e.3 

5.7 

4.7 

2.0 

1.2 
1.0 

o.e 

0.64 

5.6 
4.3 

8.7 

ao 

2.4 
1.9 

i.e 

5.2 
4.8 
4.3 

8.5 



LOMt 

Section 

Modnlos, 

Keutral 

Izit 



1.18 

0.88 

2.13 

0.81 
0.94 

0.68 
0.66 

3.10 
2.43 

2.56 
1.98 

2.02 
1.84 

0.88 

0.82 
0.66 

0.40 
0.34 

1.98 
1.66 

1.62 
1.19 

1.13 
0.88 
0.72 

1.94 
1.78 

1.67 

1.49 



y Google 





CARNEGIE 


STEEI* COMPANY 


loe 




CARNEGIE T 


SHAPES 




8 


9 


10 


11 


12 


13 


lUdios 

Axis 
M before 


Moment of 

Inertia. Heutral 

Azisthroogh 

Center of Gravity 

Coinoidentwith 

Center Line 

of Stem 


Section 
Modolns. 
Nentral 
Aziaas 
before 


Eadios 

Axis as 
before 


OoeiBeient of Strength 
for Fiber StreM 
of 16,000 lbs. 

Kentral Axis through 
Center of GniTitr 
FaraUel to Range 


Coefficient of 

Strength 
fbr Fiber Stress 
ofl2;0001b8. 

as before 


r 


r 


S' 


r' 


c 


c 


0.82 


6.6 


2.22 


1.19 


12550 


9410 


0.71 


4.3 


1.70 


1.16 


9200 


6900 


1.04 


3.7 


1.65 


0.90 


22690 


17020 


0.87 
0.86 


2.6 
3.1 


1.16 
1.38 


1.03 
1.04 


8650 
10050 


6490 
7540 


0.69 
0.68 


2.6 
3.1 


1.16 
1,.38 


i:82 


6030 
6950 


4620 
5220 


1.64 
1.56 


1? 


1.41 
1.06 


0.79 
0.78 


33070 
25880 


24800 
19410 


1.87 
1.38 


2.8 
2.1 


1.41 
1.06 


0.81 
0.80 


27200 
21120 


20400 
15840 


1.20 
1.23 


2.8 
2.2 


1.40 
1.09 


0.84 
0.84 


21550 
17470 


16170 
13100 


0.86 


2.1 


1.05 


0.88 


9430 


7070 


0.69 
0.70 


2.1 
1.8 


oM 


0.92 
0.91 


6640 
5850 


4980 
4380 


0.52 
0.51 


H 


1.05 
0.88 


0.96 
0.95 


4250 
3600 


3180 
2700 


1.21 
1.22 


1.89 

1.42 


h-^i 


0.72 
0.70 


21150 
16510 


15870 
12380 


1.04 
1.05 


1.89 

1.42 


1.08 
0.81 


0.74 
0.73 


16210 
12710 


12160 
9530 


8:^ 

0.89 


1.88 

1.41 
1.18 


J:8! 

0.68 


0.77 
0.75 
0.76 


12070 
9390 
7720 


9050 


1.23 
1.26 
1.26 


1.21 
1.09 
0.93 


0.81 
0.72 
0.62 


0.59 
0.60 
0.59 


20650 
19030 
16720 


15480 
14270 
12540 


1.06 


1.20 


0.80 


0.62 


15880 


11910 


1 
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PROPERTIES OF 



1 


2 


3 


4 


6 


6 


7 


Section 
Index 


8ise,naage 


Weight 
foonds 


Area 

of 

totion. 

Square 


Distance 

of Center of 

Grantj 

from 

Outside 

of?lang^ 

Inehes 


Moment 

of Inertia, 

Hentralixis 

through Center 

offoaTity 

FaiaUel 

toflange 

I 


iMSt 

Section 
Modolua 

Neutral 

Axis 

as before 

S 


T76 
T77 

T 6 
" 7 
T 8 
T 9 

T78 
T79 

T80 

T82 
T83 

T84 
T85 

TIO 
Til 

T86 

T12 
T13 

T14 
T16 

T87 

T16 

T17 
T18 

T19 
T20 

T21 
T22 


3 x3^ 
3 x3% 

3 x3 
3 x3 
3 x3 
3 x3 

3 x2H 
3 x2% 

2^x2 

25^x3 
2>^x3 

2^x2^ 
2^x2^ 

2KxlK 

2Kx2K 
2Kx2K 

2 x2 
2 x2 

2 xlM 

1^x1^ 

IJ^xlK 
IKxlJ^ 

IJi^xlJ^ 
IjJxlg 

1 xl 
1 xl 


9.8 
8.6 

10.1 
9.0 
7.9 
6.8 

7.2 
6.2 

7.4 

7.2 
6.2 

6.8 
6.9 

6.6 
6.6 

3.0 

6.0 
4.2 

4.4 
3.7 

3.2 

3.2 

2.6 
2.0 

2.1 
1.7 

1.3 
1.0 


2.88 
2.49 

2.94 
2.67 
2.28 
1.96 

2.10 
1.80 

2.16 

2.10 
1.80 

1.98 
1.71 

1.89 
1.62 

0.84 

1.44 
1.20 

1.26 
1.08 

0.90 

0.90 

0.76 
0.64 

0.60 
0.45 

0.36 
0.26 


1.11 
1.09 

0.93 
0.92 
0.88 
0.86 

0.71 
0.68 

0.53 

0.97 
0.92 

0.87 
0.83 

0.76 
0.74 

0.29 

0.69 
0.66 

0.63 
0.59 

0.42 

0.54 

0.42 
0.44 

0.40 
0.38 

0.32 
0.29 


3.3 
2.9 

2.3 

2.1 
1.8 
1.6 

1.1 
0.94 

1.1 

1.8 
1.6 

1.4 
1.2 

1.0 
0.87 

0.094 

0.66 
0.51 

0.45 
0.36 

0.16 

0.23 

0.15 
0.11 

0.08 
0.06 

0.03 
0.02 


1.37 
1.21 

1.10 

oise 

0.74 

0.60 
0.52 

0.75 

0.87 
0.76 

0.73 
0.60 

0.59 
0.50 

0.09 

0.42 
0.32 

0.33 
0.25 

0.15 

0.19 

0.14 
0.11 

0.10 
0.07 

0.05 
0.03 
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CARNEGIE T SHAPES-Continued 



8 





10 


11 


12 


13 


ladius 

Hei^ 

Axis 

as before 

r 


Moment of 
Inertia, Neutral 

ixistiuraugh 
Center of Gravity 
Ooinddentwitii 

Center Line 
of Stem 

I' 


Section 
Modulus, 
Neutral 
ixis as 
before 

S' 


Eadins 

ixis as 
before 

r' 


CoefBdent of Strength 

for Fiber Stress 

of 16,000 lbs. 

per square inch, 

Neutral ixis thiQUgb 
Center of Gravity 
Fuallel to Flange 

c 


Ooeffidentof 

Strength 

for Fiber Stress 

ofl2;0001b8. 

per square inch, 

Neutral ixis 

as before 

c 


1.08 
l.OO 

0.88 
O.OO 
0.00 
O.OO 

0.72 
0.73 

0.71 

0.02 
O.04 

0.84 
0.83 

0.74 
0.74 

0.31 

0.68 
0.67 

0.60 
0.60 

0.42 

0.61 

0.49 
0.46 

0.36 
0.37 

0.20 
0.20 


1.31 
0.03 

1.20 
1.08 
O.OO 
0.76 

0.80 
0.76 

0.62 

0.64 
0.44 

0.66 
0.44 

0.62 
0.44 

0.20 

0.23 
0.18 

0.18 

0.12 

0.08 
0.06 

0.06 
0.03 

0.02 
0.01 


0.88 
0.62 

0.80 
0.72 
0.60 
0.60 

0.60 
0.60 

0.46 

0.43 
0.36 

0.63 
0.36 

0.42 
0.36 

0.23 

0.30 
0.22 

0.23 
0.18 

0.18 

0.14 

8:i? 

0.07 
0.06 

0.04 
0.02 


0.68 
0.61 

0.64 
0.64 
0.63 
0.62 

0.66 
0.66 

0.64 

0.61 
0.61 

0.68 
0.61 

0.63 
0.62 

0.68 

0.48 
0.47 

0.43 
0.42 

0.46 

0.87 

0.34 
0.31 

0.27 
0.26 

0.21 
0.21 


14660 
12010 

0200 
7870 

6400 
6470 

8000 

0280 
8160 

7810 
6440 

ii^ 

060 

4480 
3460 

3480 
2670 

1600 

2060 

i?l8 

1010 
760 

400 
320 


lOOOO 
0680 

8780 
8110 
6000 
6000 

4800 
4100 

6000 

* 6060 
6110 

6860 
4830 

4700 
4000 

710 

3360 
2600 

2610 
2000 

1200 

1640 

1160 
860 

IS8 

370 
240 
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CARNE6IB STEEI* COMPANY 



PROPERTIES OF 

ANGLES WITH UNEQUAL LEGS 



1 


2 


3 


4 


6 


6 


7 
























irom Center of Gnr- 












ity to Biek of 


Section 


SiM 


Thioknen 


¥eielit 
p«r Foot 
Poonds 


Irea 
of Section 


Flanget 


Indox 


Indiet 


Inohes 


Sqnare 
Lochef 




III 


III 


♦A140 


8 x8>i 


kh 


2^.5 


6.02 


0.75 


8.00 


♦AIM 


7 x8^ 


1 


82.8 


9.50 


0.96 


2.71 


♦A161 


7 x8^ 


H 


80.5 


8.97 


0.94 


2.69 


♦AIM 


7 x8}4 


H 


28.7 


8.42 


0.92 


2.67 


♦A168 




ft 


26.8 


7.87 


0.89 


2.64 


♦A154 


7 xsg 


n 


24.9 


7.81 


0.87 


2.62 


♦A166 




28.0 


6.75 


0.85 


2.60 


♦A156 


7 xSJ^ 


Sl 


21.0 


6.17 


0.82 


2.57 


♦A157 


7 x8l^ 


A 


19.1 


5.59 


0.80 


2.55 


♦A158 


7 x85^ 


t^ 


17.0 


5.00 


0.78 


2.58 


•A159 


7 x8K 


^ 


15.0 


4.40 


0.76 


2.60 


A 89 


6 x4 


1 


80.6 


9.00 


1.17 


2.17 


A 91 


6 x4 


H 


28.9 


8.50 


1.14 


2.14 


At60 


6 x4 


1 


27.2 


7.99 


1.12 


2.12 


A161 


6 x4 


1 


25.4 


7.47 


1.10 


2.10 


Altf2 


6 x4 


7 


28.6 


6.94 


1.08 


2.08 


A168 


6 x4 


21.8 


6.41 


1.06 


2.06 


A164 


6 x4 


^ 


20.0 


5.86 


1.08 


2.08 


A165 


6 x4 


JL 


18.1 


6.81 


1.01 


2.01 


A166 


6 x4 


t^ 


16.2 


4.75 


0.99 


1.99 


A167 


6 x4 


JL 


14.8 


4.18 


0.96 


1.96 


A168 


6 x4 


H 


12.8 


8.61 


0.94 


1.94 


A 92 


6 xd^ 


1 


28.9 


8.50 


1.01 


2.26 


A98 


6 x8K 


H 


27.8 


8.08 


0.99 


2.24 


A169 


6 x8^ 


25.7 


7.55 


0.97 


2.22 


A170 


6 x8^ 




24.0 


7.06 


0.95 


2.20 


Am 


6 x8^ 




22.4 


6.56 


0.98 


2.18 


A172 


6 x85^ 




20.6 


6.06 


0.90 


2.15 


A178 


6 x8H 


^ 


18.9 


5.55 


0.88 


2.18 


A174 


6 x8^ 


§ 


17.1 


5.08 


0.86 


2.11 


A175 


6 x8^ 


15.8 


4.50 


0.88 


2.08 


A176 


6 x8^ 


^ 


18.5 


8.97 


0.81 


2.06 


A177 


6 x8^ 


11.7 


8.42 


0.79 


2.04 


♦A178 


5 x4 


Vi 


24.2 


7.11 


1.21 


1.71 


♦A179 


5 x4 


[a 


22.7 


6.66 


1.18 


1.68 


♦A180 


6 x4 


H 


21.1 


6.19 


1.16 


1.66 



Anfrles marked ♦ are special 
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STANDARD 


AND SPECIAL ANGLES 








ANGLES WITH UNEQUAL LEGS 






8 





lO 


11 


12 


13 


14 


16 


MomentB of Inertia 


Section ModoU 


Kadu of Gyration 






[ 


S 




r 




M 


i 


|ii 


Hi 


lit 




i 


11 


1 


» 3 


* S 


» 3 


» J 




w J 






4.92 


89.96 


1.79 


7.99 


0.90 


2.58 


0.74 


A 140* 


7.58 


45.87 


2.96 


10.58 


0.89 


2.19 


0.88 


A 150* 


7.18 


48.18 


2.80 


10.00 


0.89 


2.19 


0.88 


A 151* 


6.88 


40.82 


2.64 


9.42 


0.90 


2.20 


0.88 


A 152* 


6.46 


88.45 


2.48 


8.82 


0.91 


2.21 


0.88 


A 158* 


6.08 


85.99 


2.81 


8.22 


0.91 


2.22 


0.88 


A 154* 


5.69 


88.47 


2.14 


7.60 


0.92 


2.28 


0.89 


A 155* 


5.28 


80.86 


1.97 


6.97 


0.98 


2.24 


0.89 


A 156* 


4.86 


28.18 


1.80 


6.88 


0.98 


2.25 


0.89 


A 157* 


4.41 


25.41 


1.62 


5.68 


0.94 


2.25 


0.89 


A 158* 


8.96 


22.58 


1.47 


5.01 


0.95 


2.26 


0.89 


A 159* 


10.75 


80.75 


8.79 


8.02 


1.09 


1.85 


0.85 


A 89 


10.26 


29.26 


8.59 


7.59 


1.10 


1.86 


0.85 


A 91 


9.75 


27.78 


8.89 


7.15 


1.11 


1.86 


0.86 


A160 


9.28 


26.15 


8.18 


6.70 


1.11 


1.87 


0.86 


A 161 


8.68 


24.51 


2.97 


6.25 


1.12 


1.88 


0.86 


A 162 


8.11 


22.82 


2.76 


5.78 


1.18 


1.89 


0.86 


A 168 


7.52 


21.07 


2.54 


5.81 


1.18 


1.90 


0.86 


A 164 


6.91 


19.26 


2.81 


4.88 


1.14 


1.90 


0.87 


A 165 


6.27 


17.40 


2.08 


4.88 


1.15 


1.91 


0.87 


A 166 


5.60 


15.46 


1.85 


8.88 


1.16 


1.92 


0.87 


A 167 


4.90 


18.47 


1.60 


8.82 


1.17 


1.98 


0.88 


A 168 


7.21 


29.24 


2.90 


7.88 


0.92 


1.85 


0.74 


A 92 


6.88 


27.84 


2.74 


7.41 


0.98 


1.86 


0.74 


A 98 


6.55 


26.88 


2.59 


6.98 


0.98 


1.87 


0.75 


A 169 


6.20 


24.89 


2.48 


6.55 


0.94 


1.88 


0.75 


A 170 


5.84 


28.84 


2.27 


6. 10 


0.94 


1.89 


0.75 


A 171 


5.47 


21.74 


2.11 


5.66 


0.95 


1.89 


0.75 


A 172 


5.08 


20.08 


1.94 


5.19 


0.96 


1.90 


0.75 


A 178 


4.67 


18.87 


1.77 


4.72 


0.96 


1.91 


0.75 


A 174 


4.25 


16.59 


1.59 


4.24 


0.97 


1.92 


0.76 


A 175 


8.81 


14.76 


1.41 


8.75 


0.98 


1.98 


0.76 


A 176 


8.84 


12.86 


1.28 


8.25 


0.99 


1.94 


0.77 


A 177 


9.28 


16.42 


8.81 


4.99 


1.14 


1.52 


0.84 


A 178* 


8.74 


15.54 


8.11 


4.69 


1.15 


1.58 


0.84 


A 179* 


8.28 


14.60 


2.90 


4.87 


1.15 


1.54 


0.84 


A 180* 






Angles 


marked < 
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:ial 







HI 



CARNBGIB STBBL COMPANY 



PROPERTIES OF 

ANGLES WITH UNEQUAL LEGS 



1 


2 


3 


4 


5 


6 


7 
























from Oenter of Grav- 












itj to Bade of 


Seotion 


SiM 


ThickneBS 


Weight 
per Foot 
Pounds 


Area 
of Section 


Flanges 


Index 


Inohes 


Inches 


Square 
Inches 




III 


III 


♦A181 


6 x4 


H 


19.5 


5.72 


1.14 


1.64 


♦A182 


5 x4 


H 


17.8 


5.28 


1.12 


1.62 


♦A183 


5 x4 




16.2 


4.75 


1.10 


1.60 


♦A184 


5 x4 


14.5 


4.25 


1.07 


1.67 


♦A185 


6 x4 


fl 


12.8 


8.75 


1.05 


1.56 


♦Aa86 


5 x4 


11.0 


8.28 


1.03 


1.58 


A187 


5 x3K 


% 


22.7 


6.67 


1.04 


1.79 


A188 


6 xS% 


u 


21.8 


6.25 


1.02 


1.77 


A189 


5 xSK 


i 


19.8 


5.81 


1.00 


1.75 


A190 


5 xSK 


18.8 


5.87 


0.97 


1.72 


A191 


5 xS% 




16.8 


4.92 


0.95 


1.70 


A192 


5 x3j4 


§ 


15.2 


4.47 


0.98 


1.68 


A193 


5 x3j^ 


13.6 


4.00 


0.91 


1.66 


A194 


5 x3K 


§ 


12.0 


8.58 


0.88 


1.68 


A195 


6 x3K 


10.4 


8.05 


0.86 


1.61 


A96 


5 x3j4 


A 


8.7 


2.56 


0.84 


1.59 


A196 


6 x8 


H 


19.9 


6.84 


0.86 


1.86 


A197 


5 x3 


a^ 


18.5 


6.44 


0.84 


1.84 


A198 


5 x8 


T« 


17.1 


5.08 


0.82 


1.82 


A199 


6 x3 


&g 


15.7 


4.61 


0.80 


1.80 


A200 


5 x3 


§ 


14.3 


4.18 


0.77 


1.77 


A201 


5 x8 


12.8 


8.75 


0.75 


1.75 


A2O0 


5 x8 


S 


11.3 


8.31 


0.78 


1.78 


A208 


5 x8 


9.8 


2.86 


0.70 


1.70 


A280 


5 x8 


A 


8.2 


2.40 


0.68 


1.68 


♦A204 




H 


18.5 


5.48 


0.90 


1.65 


♦Aa05 




3/ 


17.8 


5.06 


0.88 


1.68 


♦A206 




il 


16.0 


4.68 


0.86 


1.60 


♦A807 




fi 


14.7 . 


4.P0 


0.88 


1.58 


♦A208 




JL 


13.8 


8.90 


0.81 


1.66 


♦A209 




^2 


11.9 


8.50 


0.79 


1.54 


•A210 




§ 


10.6 


8.09 


0.76 


1.61 


♦Aaii 




9.1 


2.67 


0.74 


1.49 


•A 97 




A 


7.7 


2.25 


0.72 


1.47 
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STANDARD 
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ANQLCS WITH UNEQUAL LEGS. 






8 


9 


10 j 11 


12 


13 


14 


16 


lOMBte 


oflurtia 


SeetioBlediU 


KadiiefftTialMa 




I 


S 




r 




\ 1 


Pl 


1'^ 
1^1 


Meatrtlizii 

Purallelto 

Longer FUnge 


Pi 


fit 


¥\ 


l| 


T.70 


18.62 


2.69 


4.06 


1.16 


1.54 


0.84 


A181* 


^.14 


12.61 


2.48 


8.78 


1.17 


1.55 


0.84 


A182* 


6.56 


11.55 


2.26 


8.89 


1.18 


1.56 


0.85 


A188* 


6.96 


10.46 


2.04 


8.06 


1.18 


1.67 


0.85 


A184* 


6.82 


9.82 


1.81 


2.70 


1.19 


1.58 


0.85 


A185* 


4.67 


8.14 


1.67 


2.84 


1.20 


1.50 


0.86 


A186* 


6.21 


15.67 


2.52 


4.88 


0.96 


1.58 


0.75 


A187 


5.89 


14.81 


2.87 


4.58 


0.97 


1.54 


0.75 


A188 


5.55 


18.92 


2.22 


4.28 


0.98 


1.65 


0.75 


A189 


5.20 


12.99 


2.06 


8.97 


0.98 


1.56 


0.75 


A190 


4.88 


12.06 


1.90 


8.65 


0.99 


1.56 


0.75 


A191 


4.45 


11.06 


1.78 


8.82 


1.00 


1.57 


0.75 


A192 


4.06 


9.99 


1.56 


2.99 


1.01 


1.58 


0.75 


A198 


8.68 


8.90 


1.89 


2.64 


1.01 


1.59 


0.76 


A194 


8.18 


7.78 


1.21 


2.29 


1.02 


1.60 


0.76 


A195 


2.72 


6.60 


1.02 


1.94 


1.06 


1.61 


0.76 


A 96 


8.71 


18.98 


1.74 


4.45 


0.80 


1.55 


0.64 


A196 


8.51 


18.15 


1.68 


4.16 


0.80 


1.55 


0.64 


A197 


8.29 


12.28 


1.61 


8.86 


0.81 


1.56 


0.64 


A198 


8.06 


11.87 


1.89 


8.56 


0.82 


1.57 


0.64 


A199 


2.83 


10.48 


1.27 


8.28 


0.82 


1.58 


0.65 


A200 


2.58 


9.45 


1.15 


2.91 


0.88 


1.59 


0.65 


A201 


2.82 


8.48 


1.02 


2.58 


0.84 


1.60 


0.65 


A208 


2.04 


7.87 


0.89 


2.24 


0.84 


1.61 


0.65 


A203 


1.75 


6.26 


0.75 


1.89 


0.85 


1.61 


0.66 


A280 


8.60 


10.88 


1.71 


8.62 


0.81 


1.88 


0.64 


Aa04* 


8.40 


9.78 


1.60 


8.88 


0.82 


1.89 


0.64 


A205* 


8.19 


9.10 


1.49 


8.14 


0.88 


1.89 


0.64 


A206* 


2.98 


8.44 


1.87 


2.89 


0.88 


1.40 


0.64 


A807* 


2.75 


7.75 


1.25 


2.64 


0.86 


1.41 


0.64 


A208* 


2.51 


7.04 


1.18 


2.87 


0.86 


1.42 


0.65 


A809* 


2.26 


6.29 


1.01 


2.10 


0.85 


1.48 


0.65 


A210* 


1.98 


5.50 


0.88 


1.88 


0.86 


1.44 


0.66 


A211* 


1.78 


4.69 


0.76 


1.54 


0.88 


1.44 


0.66 


A 97* 
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PROPERTIES OF 
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1 


2 


3 


4 


6 


6 


7 




■ 








PerpendionlarSistaadOB 












from Center of Gnv- 












itytoBMkof 


Section 


SiM 


ThickneM 


Weight 
per Foot 
>onnd8 


Area 
of Section 


Flanges 


Index 


Inokei 


Inekes 


Sqnm 
Udiet 






3li 


III 












^?fi 


♦A212 


4 x8K 


. 


18.6 


5.48 


1.11 


1.36 


*A213 


4 x8M 


3/ 


17.8 


5.06 


1.09 


1.84 


♦A214 


4 x3M 


^ 


16.0 


4.68 


i.or 


1.82 


*A215 


4 x8K 


sg 


14.7 


4.80 


1.04 


1.29 


*A216 


4 x8^ 


§ 


18.8 


8.90 


1.02 


1.27 


*A217 


4 x35^ 


11.9 


8.50 


1.00 


1.26 


♦A218 


4 xS% 


^ 


10.6 


8.09 


0.98 


1.28 


*A219 


4 x8^ 


9.1 


2.67 


0.96 


1.21 


*A 98 


4 x3^ 


A 


7.7 


2.26 


0.98 


1.18 


A220 


4 x8 


li 


17.1 


5.08 


0.94 


1.44 


A221 


4 x8 


a^ 


16.0 


4.69 


0.92 


1.42 


A222 


4 x8 


8 


14.8 


4.84 


0.89 


1.89 


A228 


4 x8 


1^ 


18.6 


8.96 


0.87 


1 87 


A224 


4 x8 


§ 


12.4 


8.62 


0.86 


1.85 


A225 


4 x8 


11.1 


8.26 


0.88 


1.88 


A226 


4 x8 


^ 


9.8 


2.87 


0.80 


l.«0 


A227 


4 x8 


8.5 


2.48 


0.78 


1.28 


A228 


4 x8 


^ 


7.2 


2.09 


0.76 


1.26 


A22g 




U 


15.8 


4.62 


0.98 


1.28 


A280 




3^ 


14.7 


4.81 


0.96 


1.21 


A281 




^1 


18.6 


4.00 


0.94 


1.19 


A282 




f^ 


12.6 


8.67 


0.92 


1.17 


A288 




§ 


11.4 


8.84 


0.90 


1.16 


A284 




10.2 


8.00 


0.88 


1.18 


A285 






9.1 


2.65 


0.85 


1.10 


A236 




7.9 


2.80 


0.88 


1.08 


A237 




A 


6.6 


1.93 


0.81 


1.00 


A238 


8^ 


H 


12.6 


8.66 


0.77 


1.27 


A239 


8J^ 


H 


11.5 


8.86 


0.76 


1.26 


A240 


8M 


JiL 


10.4 


8.06 


0.78 


1.28 


A241 


i^ 


j2 


9.4 


2.75 


0.70 


1.20 


A242 


JL 


8.8 


2.48 


0.68 


1.18 


A248 


8H 


a| 


7.2 


2.11 


0.66 


1.16 


A244 


8^ 


$ 


6.1 


1.78 


0.64 


1.14 


A246 


8J^ 


4.9 


1.44 


0.61 


1.11 
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STANDARD 


AND 
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ANGLES WITH UNEQUAL LE08 






8 


9 


10 


11 


12 


13 


14 


15 


Moments 


ofIn«rttt 


SeetkmModnU 


Radii of Gyntioi 


I 




] 


[ 


S 




r 




1 


III 


III 


m 


|ii 


Ml 


l?i 


l| 










1 


S£a 


S^ 8 


s& « 


g^T. 


g5 a* 


S£ 8 




« 3 


* J 


» 3 


* J 


» J 


* J 






5.49 


7.77 


2.80 


2.92 


1.01 


1.19 


0.72 


A212* 


5.18 


7.82 


2.15 


2.75 


1.01 


1.20 


0.72 


A218* 


4.86 


6.86 


2.00 


2.56 


1.02 


1.21 


0.72 


A214* 


4.52 


6.87 


1.84 


i:?l 


1.03 


1.22 


0.72 


A215* 


4.17 


6.86 


1.68 


1.03 


1.23 


0.72 


A216* 


8.79 


5.82 


1.52 


1.98 


1.04 


1.23 


0.72 


A2J7* 


8.40 


4.76 


1.85 


1.72 


1.06 


1.24 


0.72 


A218* 


2.99 


4.18 


1.18 


1.50 


1.06 


1.26 


0.78 


A219* 


2.59 


8.56 


1.01 


1.26 


1.07 


1.26 


0.78 


Afl8* 


8.47 


7.84 


1.68 


2.87 


0.83 


1.21 


0.64 


A220 


8.28 


6.98 


1.57 


2.68 


0.84 


1.22 


0.64 


A221 


8.08 


6.49 


1.46 


2.49 


0.84 


1.22 


0.64 


A222 


2.87 


6.08 


1.85 


2.30 


0.85 


1.28 


0.64 


A228 


2.66 


5.55 


1.28 


2.09 


0.86 


1.24 


0.64 


A224 


2.42 


5.05 


1.12 


1.89 


0.86 


1.25 


0.64 


A226 


2.18 


4.52 


0.99 


1.68 


0.87 


1.26 


0.64 


A226 


1.92 


8.96 


0.87 


1.46 


0.88 


1.26 


0.64 


A227 


1.65 


8.88 


0.74 


1.28 


0.89 


1.27 


0.66 


A228 


8.83 


4.98 


1.66 


2.20 


0.86 


1.04 


0.62 


A229 


8.15 


4.70 


1.54 


2.06 


0.86 


1.04 


0.62 


A230 


2.96 


4.41 


1.44 


1.91 


0.86 


1.05 


0.62 


A231 


2.76 


4.11 


1.88 


1.76 


0.87 


1.06 


0.62 


A232 


2.56 


8.79 


1.21 


1.61 


087 


1.07 


0.62 


A233 


2.88 


8.45 


1.10 


1.45 


0.88 


1.07 


0.62 


A234 


2.09 


8.10 


0.98 


1.29 


0.89 


1.08 


0.62 


A235 


1.85 


2.72 


0.85 


1.18 


0.90 


1.09 


0.62 


A236 


1.58 


2.38 


0.72 


0.96 


0.90 


1.10 


0.68 


A237 


1.72 


4.18 


0.99 


1.85 


0.67 


1.06 


0.58 


A288 


1.61 


8.85 


0.92 


1.71 


0.69 


1.07 


0.53 


A239 


1.49 


8.55 


0.84 


1.56 


0.70 


1.08 


0.53 


A240 


1.86 


8.24 


0.76 


1.41 


0.70 


1.09 


0.58 


A241 


1.28 


2.91 


0.68 


1.26 


0.71 


1.09 


0.54 


A242 


1.09 


2.56 


0.59 


1.09 


0.72 


1.10 


0.54 


A243 


0.94 


2.19 


0.50 


0.98 


0.73 


1.11 


0.54 


A244 


0.78 


1.80 


0.41 


0.75 


0.74 


1.12 


0.54 


A245 
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PROPERTIES OF 






ANGLES WITH UNEQUAL LEGS 




1 


2 


3 


4 


6 


6 


7 
























from Center of Gray- 












itytoBackof 


Section 


Site 


Thioknen 


S 


Am 
of Section 


Ranges 


Index 


Inehei 


Inches 


Sqnm 
Inches 




III 


III 


*A246 


8^x2 


^ 


9.0 


2.64 


0.69 


1.21 


♦A247 


8^x2 


i^ 


8.1 


2.88 


0.57 


1.19 


*A248 


8Kx2 


J- 


7.2 


2.11 


0.54 


1.17 


♦A249 


8^x2 


^ 


6.8 


1.88 


0.52 


1.15 


•A250 


8^x2 


§ 


6.8 


1.54 


0.50 


1.12 


•A251 


8Kx2 


4.8 


1.26 


0.48 


1.09 


A252 


8 x2K 


• 


9.5 


2.78 


0.77 


1.02 


A258 


8 x2K 


i2 


8.5 


2.60 


0.75 


1.00 


A264 


8 x2% 


"n 


7.6 


2.22 


0.78 


0.98 


A255 


8 x2^ 


a| 


6.6 


1.92 


0.71 


0.96 


A256 


8 r2% 


§ 


5.6 


1.62 


0.68 


0.98 


A257 


8 v2% 


4.5 


1.81 


0.66 


0.91 


*A258 


8 x2 


1/ 


7.7 


2.25 


0.58 


1.08 


•A259 


8 x2 


rt 


6.8 


2.00 


0.66 


1.06 


•A280 


8 x2 


a| 


5.9 


1.78 


0.54 


1.04 


*A261 


8 x2 


^ 


5.0 


1.47 


0.52 


1.02 


♦Aaea 


8 x2 


4.1 


1.19 


0.49 


0.99 


A264 


2^x2 


54 


6.8 


2.00 


0.68 


0.88 


Ases 


2>^x2 


1^ 


6.1 


1.78 


0.60 


0.85 


A266 


2^x2 


6.8 


1.55 


0.68 


0.88 


A267 


2^x2 


JL 


4.5 


1.81 


0.66 


0.81 


A268 


2>^x2 


M 


8.7 


1.06 


0.54 


0.79 


A269 


2>^x2 


X 


2.8 


0.81 


0.51 


0.76 


*A270 


25^x1 J^ 


54 


5.6 


1.68 


0.48 


0.86 


*A271 


2JixlJ^ 


^ 


5.0 


1.45 


0.46 


0.83 


*A272 


2^x1 g 


4.4 


1.27 


0.44 


0.81 


*A278 


2^x15^ 


JL 


8.7 


1.07 


0.42 


0.79 


♦A274 


2J^xlJ^ 


j7 


8.0 


0.88 


0.89 


0.77 


♦A275 


2^x1 >4 


A 


2.8 


0.67 


0.87 


0.75 


•A276 


2 xl^ 


^ 


2.7 


0.78 


0.87 


0.69 


*A277 


2 xl^ 


2.1 


0.60 


0.85 


0.66 


•A278 


l?^xl 


5^ 


1.9 


0.63 


0.29 


0.48 


*A279 


1^x1 


^ 


1.0 


0.28 


0.26 


0.44 
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• 


ANGLES WITH UNBQUAL 1 


LBGS 






8 





lO 


11 


12 


13 


14 


15 


MomantoofInerti& 


Section Moduli 


BadiiofGyntion 




] 


[ 


S 




r 




1 


III 


I'l 


III 


3jl 


Hi 


|ii 


11 




Hi 




1^1 




0.75 


2.64 


0.58 


1.80 


0.53 


1.00 


0.44 


A246* 


0.69 


2.42 


0.48 


1.17 


0.64 


1.01 


0.44 


A247* 


0.62 


2.18 


0.48 


1.05 


0.64 


1.02 


0.44 


A248* 


0.56 


1.92 


0.87 


0.91 


0.55 


1.02 


0.44 


A249* 


0.48 


1.65 


0.82 


0.77 


0.56 


1.03 


0.46 


A250* 


0.40 


1.86 


0.26 


0.68 


0.57 


1.04 


0.46 


A251* 


1.42 


2.28 


0.82 


1.15 


0.72 


0.91 


0.52 


A268 


1.80 


2.08 


0.74 


1.04 


0.72 


0.91 


0.52 


A268 


1.18 


1.88 


0.66 


0.98 


0.78 


0.92 


0.52 


A264 


1.04 


1.66 


0.58 


0.81 


0.74 


0.98 


0.52 


A255 


0.90 


1.42 


0.49 


0.69 


0.74 


0.94 


0.63 


A256 


0.74 


1.17 


0.40 


0.56 


0.76 


0.96 


0.53 


A257 


0.67 


1.92 


0.47 


1.00 


0.66 


0.92 


0.48 


A268* 


0.61 


1.78 


0.42 


0.89 


0.56 


0.98 


0.48 


A259* 


0.54 


1.58 


0.87 


0.78 


0.56 


0.94 


0.48 


A260* 


0.47 


1.82 


0.82 


0.66 


0.67 


0.96 


0.48 


A261* 


0.d9 


1.09 


0.25 


0.54 


0.57 


0.96 


0.48 


A262* 


0.64 


1.14 


0.46 


0.70 


0.56 


0.75 


0.42 


A264 


0.58 


1.08 


0.41 


0.62 


0.57 


0.76 


0.42 


A265 


0.51 


0.91 


0.86 


0.56 


0.68 


O.TT 


0.42 


A266 


0.45 


0.79 


0.81 


0.47 


0.58 


0.78 


0.42 


A267 


0.37 


0.66 


0.25 


0.88 


0.59 


0.78 


0.42 


A268 


0.29 


0.61 


0.20 


0.29 


0.60 


0.79 


0.48 


A269 


0.26 


0.75 


0.26 


0.54 


0.40 


0.68 


0.89 


A270* 


0.24 


0.68 


0.28 


0.48 


0.41 


0.69 


0.89 


A271* 


0.21 


0.61 


0.20 


0.42 


0.41 


0.69 


0.39 


A272* 


0.19 


0.58 


0.17 


0.86 


0.42 


0.70 


0.40 


A273* 


0.16 


0.44 


0.14 


0.30 


0.42 


0.71 


0.40 


A274* 


0.12 


0.84 


0.11 


0.23 


0.48 


0.73 


0.40 


A275* 


0.12 


0.87 


0.12 


0.23 


0.89 


0.68 


0.80 


A276* 


0.09 


0.24 


0.09 


0.18 


0.40 


0.63 


0.31 


A277* 


0.04 


0.09 


0.05 


0.09 


0.27 


0.41 


0.22 


A278* 


0.02 


0.05 


0.03 


O.Ovi 


0.29 


0.44 


0.22 


A279* 
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PROPERTIES OF STANDARD AND SPECIAL 
ANGLES 

ANGLES WITH EQUAL LEGS 
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2 


3 


4 


6 


6 


7 


8 


9 


10 








i 






•8^ 


lift 

Ipi 


^a 


•fa 


lj3ll 


1 


d 


1 

r 


li 


llf 
if 


||i 


1^1 


li 
















I 


s 


r 


r' 


A113 


8 


x8 


IH 


56.9 


16.78 


2.41 


97.97 


17.58 


2.42 


1.55 


A112 


8 


x8 


iiV 


64.0 


15.87 


2.89 


98.58 


16.67 


2.48 


1.56 


Alll 


8 


x8 


1 


51.0 


15.00 


2.87 


88.98 


15.80 


2.44 


1.66 


Alio 


8 


x8 




48.1 


14.12 


2.84 


84.88 


14.91 


2.44 


1.56 


A109 


8 


x8 


% 


45.0 


18.23 


2.82 


79.58 


14.01 


2.45 


l.W 


A108 


8 


x8 




42.0 


12.84 


2.80 


74.71 


18.11 


2.46 


1.67 


A107 


8 


x8 


fl 


88.9 


11.44 


2.28 


69.74 


12.18 


2.47 


1.67 


A106 


8 


x8 


85.8 


10.68 


2.25 


64.64 


11.25 


2.48 


1.68 


A105 


8 


x8 




82.7 


9.61 


2.28 


59.42 


10.80 


2.49 


1.86 


A104 


8 


x8 


A 


29.6 


8.68 


2.21 


64.09 


9.84 


2.50 


1.58 


A108 


8 


x8 


s 


26.4 


7.75 


2.19 


48.68 


8.87 


2.50 


1.68 


A86 


6 


x6 


1 


87.4 


11.00 


1.86 


85.46 


8.67 


1.80 


1.16 


A87 


6 


x6 


H 


85.8 


10.87 


1.84 


83.72 


8.11 


1.80 


1.16 


A 1 


6 


x6 


A 


88.1 


9.74 


1.82 


81.92 


7.64 


1.81 


1.17 


A 2 


6 


x6 




81.0 


9.09 


1.80 


80.06 


7.16 


1.82 


1.17 


A 8 


6 


x6 


/ 


28.7 


8.44 


1.78 


28.15 


6.66 


1.88 


1.17 


A 4 


6 


x6 


1 


26.6 


7.78 


1.75 


26.19 


6.17 


1.83 


1.17 


A 5 


6 


x6 


f^ 


24.2 


7.11 


1.78 


24.16 


5.66 


1.84 


1.18 


A 6 


6 


x6 


JL 


21.9 


6.48 


1.71 


22.07 


5.14 


1.85 


1.18 


A 7 


6 


x6 


% 


19.6 


6.75 


1.68 


19.91 


4.61 


1.86 


1.18 


A 8 


6 


x6 


JL 


17.2 


5.06 


1.66 


17.68 


4.07 


1.87 


1.19 


A88 


6 


x6 


H 


14.9 


4.86 


1.64 


15.89 


8.68 


1.88 


1.19 


♦A 94 


5 


x5 


1 


80.6 


9.00 


1.61 


19.64 


6.80 


1.48 


0.96 


♦A 95 


5 


x5 




28.9 


8.50 


1.59 


18.71 


6.49 


1.48 


0.96 


♦A 9 


5 


x6 


P. 


2r.2 


7.99 


1.57 


17.75 


6.17 


1.49 


0.96 


♦A 10 


5 


x5 


i'\ 


25.4 


7.46 


1.55 


16.77 


4.85 


1.50 


0.97 


♦All 


5 


x5 




23.6 


6.94 


1.52 


15.74 


4.58 


1.51 


0.97 


*A 12 


5 


x5 


' ■■ I 


21.8 


6.42 


1.50 


14.68 


4.20 


1.51 


0.97 


*A 18 


5 


x5 


&I 


200 


6.86 


1.48 


18.58 


8.86 


1.52 


0.97 


*A 14 


5 


x5 


JL 


18.1 


6.81 


1.46 


12.44 


8.51 


1.58 


0.96 


*A 15 


5 


x5 


i2 


16.2 


4.75 


1.43 


11.25 


3.15 


1.54 


0.96 


*A 16 


5 


x5 


u 


14.8 


4.18 


1.41 


10.02 


2.79 


1.56 


0.96 


♦A 17 


5 


x5 


12.8 


8.61 


1.89 


8.74 


2.42 


1.66 


0.99 


A 18 


4 


x4 


II 


19.9 


6.84 


1.29 


8.14 


8.01 


1.18 


0.77 


A 19 


4 


x4 


18.5 


5.44 


1.27 


7.67 


2.81 


1.19 


<0.77 
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ANGLES- Continued 










ANGLES WITH EQUAL LEGS 






1 


2 


3 


4 


6 


6 


7 


8 





lO 


1 


l| 


1 


1 


s 


Distanee of Center of 

raTity from Baok of 

Flange, Inohei 


Moment of Inertia, 

lentral ixii through 

Center of Grari^ 

ParaUel to Flange 


sa 

ill 

1 !•* 


III 
IF 


lifjl 

ml 












— cj. 


I 


s 


r 


r' 


A20 


4 x4 


jj 


17.1 


6.03 


1.25 


7.17 


2.61 


1.19 


0.77 


A 21 


4 x4 


^ 


16.7 


4.61 


1.23 


6.66 


2.40 


1.20 


0.77 


A 23 


4 x4 


§ 


14.8 


4.18 


1.21 


6.12 


2.19 


1.21 


0.78 


A23 


4 x4 


12.8 


8.75 


1.18 


6.56 


1.97 


1.22 


0.78 


A24 


4 x4 


^ 


11.8 


8.81 


1.16 


4.97 


1.76 


1.28 


0.78 


A25 


4 x4 


9.8 


2.86 


1.14 


4.86 


1.62 


1.28 


0.79 


A90 


4 x4 


A 


8.2 


2.40 


1.12 


8.71 


1.29 


1.24 


0.79 


A26 


9%*syz 


i 


17.1 


5.03 


1.17 


6.25 


2.26 


1.02 


0.67 


A27 


S^xSJi 


?( 


16.0 


4.69 


1.15 


4.96 


2.11 


1.08 


0.67 


A28 


Sj^xSJ^ 


It 


14.8 


4.84 


1.12 


4.65 


1.96 


1.04 


0.67 


A29 


SJ^xSK 




18.6 


8.98 


1.10 


4.88 


1.81 


1.04 


0.67 


A80 


Sf^xSJ^ 


§ 


12.4 


8.62 


1.08 


8.99 


1.65 


1.06 


0.68 


A 81 


Sgxsg 


11.1 


8.25 


1.06 


8.64 


1.49 


1.06 


0.68 


A 82 


8^x3 J4 


^ 


9.8 


2.8T 


1.04 


8.26 


1.82 


1.07 


0.68 


ASS 


sKxsg 


8.5 


2.48 


1.01 


2.87 


1.15 


1.07 


0.69 


A99 


SMxSK 


A 


7.2 


2.09 


0.99 


2.45 


0.98 


1.08 


0.69 


A84 


8 x8 


^ 


11.6 


8.86 


0.98 


2.62 


1.80 


0.88 


0.67 


AS6 


8 xS 


A 


10.4 


3.06 


0.96 


2.43 


1.19 


0.89 


0.68 


A 86 


8 x8 


Ja 


9.4 


2.75 


0.93 


2.22 


1.07 


0.90 


0.68 


AST 


8 xS 


'^ 


8.8 


2.43 


0.91 


1.99 


0.95 


0.91 


0.68 


ASS 


8 x8 


l| 


7.2 


2.11 


0.89 


1.78 


0.83 


0.91 


0.58 


A 89 


8 x3 


^ 


6.1 


1.78 


0.87 


1.51 


0.71 


0.92 


0.59 


A 40 


8 x8 


4.9 


1.44 


0.84 


1.24 


0.58 


0.9S 


0.69 


♦A 41 


2Kx2K 


K 


8.5 


2.50 


0.87 


1.67 


0.89 


0.82 


0.52 


♦A 42 


2Kx2K 


A 


7.6 


2.22 


0.85 


1.51 


0.79 


0.82 


0.53 


♦A 48 


2Kx2K 


^ 


6.6 


1.92 


0.82 


1.33 


0.69 


0.83 


0.53 


♦A 44 


2^x2^ 


A 


5.6 


1.62 


0.80 


1.15 


0.69 


0.84 


0.54 


♦A 45 


2^x2g 


K 


4.5 


1.81 


0.78 


0.93 


0.48 


0.85 


0.55 


A 46 


25<x2K 


K 


7.7 


2.25 


0.81 


1.28 


0.78 


0.74 


0.47 


A 47 


2'/^x2M 


^ 


6.8 


2.00 


0.78 


1.11 


0.65 


0.74 


0.48 


A48 


2^x2^ 


6.9 


1.78 


0.76 


0.98 


0.67 


0.75 


0.48 


A 49 


2^5^^^ 


^ 


5.0 


1.47 


0.74 


0.85 


0.48 


0.76 


0.49 


A 60 


2Kx2^^ 


4.1 


1.19 


0.72 


0.70 


0.40 


0.77 


. 0.49 


AlOO 


2Kx2>4 


^^ 


8.1 


0.90 


0.69 


0.55 


0.80 


0.78 


0.49 
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ANGLES WITH EQUAL LEGS 






1 


2 


3 


4 


6 


6 


7 


8 





lO 


1 


^1 


1 


1 


% 


Distance of Center of 

GraTitj from Back of 

Range, Inches 


lift 


c K 




Least Radius of 
45 Degnes to Flanget 












I 


s 


r 


r' 


♦A 51 


2Kx2K 


H 


6.8 


2.00 


0.74 


0.87 


0.58 


0.66 


0.48 


*A6a 


2jJx2K 


tl 


6.1 


1.78 


0.72 


0.79 


0.52 


0.67 


0.48 


*A58 


2J<x2J< 


5.8 


1.55 


0.70 


0.70 


0.45 


0.67 


0.48 


*A 54 


2Kx2K 


§ 


4.5 


1.81 


0.68 


0.61 


0.39 


0.68 


0.44 


♦A 55 


2^x2^ 


8.7 


1.06 


0.66 


0.51 


0.32 


0.69 


0.44 


•AlOl 


2Kx2K 


A 


2.8 


0.81 


0.63 


0.89 


0.24 


0.70 


0.44 


A56 


2 x2 


i\ 


5.8 


1.50 


0.66 


0.54 


0.40 


0.59 


0.89 


A 57 


2 x2 


4.7 


1.86 


0.64 


0.48 


0.86 


0.59 


0.89 


A 58 


2 x2 


tl 


4.0 


1.15 


0.61 


0.42 


0.80 


0.60 


0.89 


A 59 


2 x2 


8.2 


0.94 


0.59 


0.85 


0.25 


0.61 


0.89 


A 60 


2 x2 


^ 


2.5 


0.72 


0.57 


0.28 


0.19 


0.62 


0.40 


A 61 


IKxlK 


^ 


4.6 


1.80 


0.59 


0.85 


0.80 


0.51 


0.88 


A 62 


l^xlK 


4.0 


1.17 


0.57 


0.81 


0.26 


0.51 


0.84 


A 68 


IKxlK 




8.4 


1.00 


0.55 


0.27 


0.23 


0.52 


0.84 


A 64 


iKxiK 


2.8 


0.81 


0.58 


0.23 


0.19 


0.58 


0.84 


A 65 


1^x1^ 


2.2 


0.62 


0.51 


0.18 


0.14 


0.54 


0.85 


A 66 


1^x15^ 


^ 


8.4 


0.99 


0.51 


0.19 


0.19 


0.44 


0.29 


A 67 


1^x1^ 




2.9 


0.84 


0.49 


0.16 


0.162 


0.44 


0.29 


A 68 


IJ^xl^ 


2.4 


0.69 


0.47 


0.14 


0.184 


0.45 


0.29 


A 69 


1^x1 J^ 


1.8 


0.53 


0.44 


0.11 


0.104 


0.46 


0.29 


A102 


15^x1 J^ 


1.8 


0.36 


0.42 


0.08 


0.070 


0.46 


0.80 


A 70 


IXxlK' 




2.4 


0.69 


0.42 


0.09 


0.109 


0.86 


0.28 


A 71 


IjJxlK 


2.0 


0.56 


0.40 


0.077 


0.091 


0.87 


0.24 


A72 


lKxlJ{ 


1.5 


0.48 


0.38 


0.061 


0.071 


0.88 


0.24 


A 73 


iXxiK 


1.1 


0.30 


0.85 


0.044 


0.049 


0.88 


0.25 


A 78 


1 xl 


1 


1.5 


0.44 


0.84 


0.087 


0.066 


0.29 


0.19 


A79 


1 xl 


1.2 


0.84 


0.32 


0.030 


0.044 


0.80 


0.19 


A80 


1 xl 


0.8 


0.24 


0.80 


0.022 


0.081 


0.81 


0.20 


*A 81 


%x % 


^ 


1.0 


0.29 


0.29 


0.019 


0.088 


0.26 


0.18 


♦A 82 


rexK 


0.7 


0.21 


0.26 


0.014 


0.028 


0.26 


0.19 


A88 


H^H 


^ 


0.9 


0.25 


0.26 


0.012 


0.024 


0.22 


0.16 


A84 


k^H 


0.6 


0.17 


0.28 


0.009 


0.017 


0.28 


0.17 
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WEIGHTS AND DIMENSIONS OF AMERICAN 
STANDARD RAIL SECTIONS 





Wwght 
Ponnds 


Area in 
Square 
Inches 


Width of 
Basesnd 
Height 
in Inches 


Web 

in 

Inches 


Width 
ofHead 

in 
Inches 


Heiihtof 
Ce^of 
Gravitjr 
above 
Base in 
Inches 


Kmx-x 


Suction 
Index 


Moment 
oflnertia 

I 


Section 
Vodnhii 

S 


Badinsflf 
Gyration 

r 


lOOA 


100 


9.8 


6X 


A 


2^ 


2.8 


48.8 


14.6 


2.18 


96A 


95 


9.8 


6A 


A 


2H 


2.7 


88.6 


18.3 


2.06 


90A 


90 


8.8 


6^S 


A 


m 


2.5 


84.0 


12.0 


1.97 


86A 


86 


8.8 


5A 


A 


^h 


2.6 


80.0 


11.0 


1.90 


80A 


80 


7.8 


5 


tt 


2^ 


2.4 


26.2 


10.0 


1.88 


76A 


76 


7.4 


m 


H 


2^1 


2.4 


22.9 


9.8 


1.78 


70A 


70 


6.9 


^H 


H 


2A 


2.2 


19.6 


8.2 


1.70 


65A 


66 


6.4 


4A 


% 


2» 


2.2 


16.9 


7.4 


1.68 


60A 


60 


6.9 


4X 


H 


2^s 


2.1 


14.6 


6.7 


1.68 


66A 


66 


6.4 


4A 


U 


2X 


2.0 


11.9 


6.8 


1.49 


60A 


60 


4.9 


SH 


A 


2>^ 


1.9 


9.8 


4.9 


1.42 


45A 


46 


4.4 


m 


H 


2 


1.8 


8.0 


4.2 


1.35 


40A 


40 


8.9 


z% 


If 


1^ 


1.7 


6.6 


8.6 


1.80 


85A 


86 


8.4 


8X 


1} 


1|< 


1.6 


4.8 


2.8 


1.19 


80A 


80 


8.0 


8 


Ii 


1>^ 


1.4 


8.5 


2.8 


1.11 


26A 


26 


2.5 


m 


H 


IK 


1.8 


2.4 


1.7 


.99 


20A 


20 


2.0 


%% 


H 


IH 


1.2 


1.7 


1.8 


.92 


16A 


16 


1.6 


2X 


H 


IX 


1.1 


1.1 


0.97 


.84 
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COLUMNS IN FIREPROOF BUILDINGS 

The subject of fireproof construction is steadily growing 
in importance. The need of fireproof buildings in the busi- 
ness centers of our great cities has been well demonstrated, 
and their superiority has become so generally recognized that 
at present but few structures of any size or importance are 
designed which are not more or less of this type. This change 
has been facilitated in no small measure by a number of 
signal improvements made of late in the art of fireproof con- 
struction, insuring not only a higher degree of efficiency, but 
a considerable reduction in cost compared with methods for- 
merly practiced. 

The old style of solid brick arch, once so prevalent in floor 
construction, has been almost wholly supplanted by the more 
modem forms of hollow tile and terra cotta arches. The im- 
portant advantages of the latter have been already pointed ou: 
in these pages. Roofs, ceilings and partition walls are now 
also largely constructed of th^e light refractory materials. 

The substitution of steel for iron in beams may be cited as 
a radical improvement in this direction, and, simultaneously, 
the introduction by this firm of new patterns for its steel 
beams. These patterns are of more convenient shape and 
much more economical of material than the old forms. 

Another change which is gradually taking place is the 
substitution of steel for cast iron in the composition of columns. 
Cast iron is a material so uncertain in character that its use 
has long since been abandoned in bridge construction. In 
buildings the loads are generally quiescent and tne liability to 
sudden shocks is more remote than in bridges; yet, on the 
other hand, the columns seldom receive their loads as favor- 
ably as in bridges; in most cases there exists considerable 
eccentricity, that is, the loads on one side of the column are 
heavier than those on the other side, and the bending strains 
arising therefrom increase the strains from direct compression 
materially. 
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The following are some of the contingencies which may 
arise in the manufacture of castings and which preclude any- 
thing approaching uniformity in the product. 

In the case of hollow cast iron columns, while the metal is 
yet in a molten state the buoyancy of the central core tends to 
cause it to rise, thereby reducing the thickness of the metal 
above and increasing it below. When columns are of such a 
length as to make it necessary to pour the metal into the mould 
from both ends, it sometimes occurs that the iron becomes too 
much chilled on the surface to properly mix and unite, thus 
creating a weak seam at the very point where the greatest 
stren^h will be needed. The presence of confined air, pro- 
ducing ** blowholes " and ** honeycomb,** and the collection ot 
impurities at the bottom of the mould may be further men- 
tioned as frequent sources of weakness in cast iron. 

The most critical condition, however, is that due to the 
xmequal contraction of the metal during the process of cooling, 
thereby giving rise to initial stresses, at times of sufficient 
force to produce rupture in the column or in its lugs on the 
slightest provocation. In many cases the trouble can be 
ascribed to faulty designing or carelessness in the execution of 
the work, yet even under favorable conditions it is so difficult 
to secure equal radiation from the moulds in all directions that 
castings entirely exempt from inherent shrinkage strains are 
probably seldom produced. 

As a protection against these contingencies resort must^e 
had either to the crude and uncertain expedient of a high 
safety factor, not less than 8 or 10, or a material such as rolled 
steel must be adopted of a more uniform and reliable char- 
acter than cast iron. 

Steel Columns fail either by deflecting bodily out of a 
straight line, or by the buckling of the metal between rivets or 
other points of support. Both actions may take place at the 
same time, but if the latter occurs alone, it may be an indica- 
tion that the rivet spacing or the thickness of the metal is 
insufficient 

The rule has been deduced from actual experiments upon 
wrought iron columns, that the distance between centers of 
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rivets should not exceed in the line of strain sixteen times the 
thickness of metal of the parts joined, and that the distance 
between rivets or other points of support at right angles to the 
line of strain should not exceed thirty-two times the thickness 
of the metal. 

On page 51 sections are shown of some of the most common 
forms of built columns. Figs. 6, 13 and 19 belong to the type 
known as * * Closed Columns. " As it is impracticable to repaint 
the inner surfaces of such columns, they should preferably be 
used only.for interior work, where the changes in temperature 
are not considerable, and the air is comparatively dry. In 
places exposed to extremes of temperature and unprotected 
from the rain, the paint on the inner surface of the column will, 
sooner or later, cease to be a protection ; corrosion will set in, 
and, once beg^n, is apt to continue as long as there is unoxi- 
dized metal left in the column. 

The remaining figures on the same page represent types 
of columns with open sections, which readily admit of repaint- 
ing, and are, therefore, suitable for outdoor work. 

Of these. Figs. 14, 15, 16, 17 and 18, which are known as 
Z-bar coltmins, have been shown by extended use to be par- 
ticularly well adapted to many purposes in construction. 

In the use of columns of the types shown in Figs. 5, 7, 8, 9, 
10 and 12, care should be taken in designing that the flanges 
are placed sufficiently far apart to permit machine-driving of 
the rivets. 

The Z-bar and channel columns are particularly well 
adapted for buildings, owing to their facility for effecting 
connection with floor beams and girders. 

The advantage of the constant dimension Z-bar column 
lies in the quicker preparation of plans and subsequent shop 
details, the outside dimensions being the same throughout the 
successive stories of the structure, making a guide for the 
architect in dimensioning walls and pillars, and facilitating the 
work of the engineer in the preparation of shop details, which 
are the same for all typical floors. 

Standard bases, which can be adapted to any section of 
column, are shown on page 50, Figs. 4, 5 and 6 showing cast 
iron, and Figs. 7 and 8 the built-up type. 
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Connections for floor beams to constant dimension Z-bar 
columns, detailed on pages 189 and 190, were designed to fairly 
cover the range of ordinary practice. For other types of 
columns, the make-up of these details should be altered to 
suit the conditions governing, but, in a general way, they 
indicate the standard practice. 

When the maximum loads in tons, as assumed for each 
case, are exceeded, the connections must be correspondingly 
strengthened by using longer vertical angles for the brackets, 
or by other suitable detail that will provide for the correct 
number of rivets. In proportioning these connections the 
shearing stress on rivets was assumed of a maximtun intensity 
of 10,000 pounds per square inch. 

In buildings, as a rule, the columns are permanently en- 
cased in a fireproofing composition. On page 60, Figs. 1, 2 
and 8, are shown designs of fireproofing for Z-bar columns, 
giving the latter a cylindrical, or a rectangular finish with 
rounded corners, as may be preferred. Similar casings can be 
used for any other type of built-up column, the air space 
between the tiling and the metal adding to the protection of 
the latter in the event of fire. 

Complete tables of dimensions and safe loads in tons for 
columns of different lengths are given on pages 127 to 18C, 
inclusive, covering the constant dimension as well as the other 
tjrpe of Z-bar columns, and on pages 137 to 142 covering plate 
and channel and latticed channel columns. 

The length of a column unbraced should not exceed 125 
times its least radius of gyration. 

We believe the variety g^ven in these tables will cover a 
large majority of the cases presenting themselves in ordinary 
practice. 
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COLUMNS AND STRUTS 

Explanation of Tables, pages 127 to 140 inclusive. 

The tables of safe loads for steel Z-bar and channel columns are com- 
piled on the basis of an allowable stress per square inch of 12,000 pounds 
(factor of safety of 4) for lengths of 00 radii and under, and an allowable 
stress deduced from the 'formula 17,100— 57— for lengths greater than 
this limit. 

Complete dimensions of the Z-bar columns are given opposite their 
tables of safe loads. 

The steel used in these columns is known as *' medium " steel, con- 
taining a comparatively low percentage of carbon. 

The values given in these tables should be used only for cases in 
which the loads are for the most part statical, and equal, or nearly so, 
on opposite sides of the column. When there is much eccentricity of 
loadiflTg, or the loads are subject to a sudden change, the tabulated 
values should be reduced according to circumstances. 

The table on the ^ Ultimate Strength of Columns," on page 148, gives 
the stress per square inch of section at which colunms will fail for various 
proportions of lengfth, in feet, to least radius of gyraUon, in inches. This 
table is based on Gordon's formula changed for the use of steel. The 
table on page 147, showing the radii of gyration for round and square 
columns, will be found useful in connection with this table. 

^ If the column or strut is a single rolled beam, channel or other shape, 
the radius of gyration will be found in the foregoing tables on pages 07 to 
110 inclusive. .; i,. /. ; -. 

If th&column is composed of two channels latticed, the channels are 
usually placed far enough apart so that the column will be weakest in 
the direction of the web, t. ^., with neutral axis at right angles to the 
web, ior- which case the radius of gyration of the column is the same as 
that of the single channel. In the table of '* Properties of Standard 
Channels," page 102, are given the distances back to back of channels, 
which make the radii equal about both axes. 

A common form of column 6t strut, to be recommended for com> 
paratively light loads, is that formed of two angles back to back, or four 
angles united either with a single course of lattice bars or a central web 
plate, as in Pig. 1, page 51. 

The radii of gyration for such struts are tabulated on pages 144, 145 
and 146. They are given for the neutral axis parallel to either flange and 
for minimum and maximum sizes of all standard and special angle bars. 
In cases where four angles are used, the two pairs should be spaced far 
enou)?h apart to make the column weakest about a neutral axis parallel 
to the central web or latticing. The radius of gyration will then be the 
same as that given in the tables for a single pair cf angles, since the 
moment 6f inertia of the web plate about such an axis is so small that it 
may be disregarded entirely. 
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The table on ** intimate Strength of HoHow Cast Iron Columns' 
and that on ** Safe Loads for Hollow Round Cast Iron Columns " were 
computed by Gordon's formula and cover a range of length that will 
seldom be exceeded in practice. 

A column is square bearing when it has square end's which butt 
against or are firmly connected with an immovable surface, such as the 
floor of a building; it is^*:« and square bearing when one end only is 
square bearing and the other presses against a close-fitting pin ; and it is 
pin bearing when both ends are thus pin-jointed with the axis of the pins 
in parallel directions (for example, the posts in pin-connected bridges). 



EXAMPLES 

I. What size of constant dimension Z-bar column SS4 ft. long with 
square bearing ends will be required to carry a load of 800 tons, using a 
safety factor of 4 ? 

Answer: From the table on page 135 it will be seen that for the 
length given 4Z« 4H X 3^ X K ^ith 2 web plates 8 X 1>^ will sustain 
806.0 tons, which is 6 tons in excess of that required, or referring to table 
on channel columns, page 141, two 10 in. channels 85 lbs. and 2 side plates 
12 X 1}^ will be found sufl&ciently strong. 

II. A strut 16 ft. long, fixed rigidly at both ends, is needed for sup- 
porting a load of 80,000 lbs. It is to be composed of two pairs of angles 
united with a single line of "% in. lattice bars along the central plane. 
What weight of angles will be required with a safety factor of 5? 

Answer: We will assume four 8x4 in. angles and determine the 
thickness of metal required. The angles must be spread % in. in order 
to admit the latticing. From the table on page 146 we find the. radius of 
gyration of a pair of 8 x 4 X A in* angles with the 8 in. legs parallel and 

1 16 

\i in. apart to be 1.97 in. Hence the value of— = s 8.1, for which the 

r 1.97 
ultimate strength as per table on page 148 = 89,600 lbs. 

The allowable strain per square inch with a safety factor of 5 will 
therefore be 89,600-4-6 = 7,920 lbs. and the area of ^he required cross- 
section 80,000 -J- 7,920= 10.10 square incnes, or 2.52 square inches for each 
angle. Hence the weight per foot of each angle will be 2.62 x 8.4 = 8. 6 lbs. 
This weight will be found to agree nearly with a thickness of /, in. *or 
a 4 y 8 in. angle. 
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SAFE LOADS IN TONS OF 2,000 LBS. 
Z-BAR COLUMNS 

SQUARE ENDS 



illoired itrflflsw p«r aquur* inok 



. CiZ. 

I 17,1 



12,000 Ibi. for lengthf of 90 ndii or imd«r 



17,000-57^ for loBgtkt OTtr 90 ndil 



6 IN. Z-BAR COLUMNS 

Sootum: 4 Z-Ban 3 in. d««p and 1 Veb Plate 6 in. x thidaun of Z-Ban 
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II 8* II 
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Hi 
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12 
and under 


66.0 


70.3 


81.6 


96.8 


106.7 


119.8 


14 


66.7 


70.3 


81.6 


96.8 


106.7 


119.8 


16 


62.8 


66.6 


76.6 


91.3 


99.9 


114.8 


18 


48.8 


62.3 


71.7 


86.6 


93.6 


107.8 


20 


46.4 


68.1 


66.7 


79.9 


87.2 


100.8 


22 


42.0 


63.0 


61.8 


74.3 


80.9 


93.8 


24 


38.6 


407 


66.0 


68.6 


74.6 


86.8 


26 


36.2 


46.6 


61.9 


63.0 


68.2 


79.8 


28 


31.7 


41.3 


47.0 
42.0 


67.3 


61.9 


72.8 


80 


28.3 


37.1 


61.7 


66.6 


66.8 







8 IN. 


Z-BAR COLUMNS 






Section: 4 Z-Bars 4 in. deep and 1 Veb Plate 7 in. x thickness of Z-Bars 


Length of 


W 


r^. 


m 

hi 


II Jn 


115 II 


"« II 


ill 


112 II 


115^11 


Column 
inPeet 


m 


m 


M III 


M 


Iff 


m 


Mi 


m 




^u 


<^r 


^^ 


^r 


^r 


•s^r 


^^ 


^u 


^^ 


18 

and under 


67.6 


84.8 


102.4 


114.2 


131.2 


148.6 


167.6 


174.3 


191.2 


20 


66.0 


82.6 


100.6 


110.6 


128.2 


146.4 


163.3 


171.3 


189.6 


22 


61.9 


78.7 


96.9 


106.3 


122.4 


139.9 


146.2 


163.6 


181.3 


24 


68.8 


74.8 


91.3 


100.1 


116.6 


133.4 


139.1 


166.8 


173.a 


26 


66.7 


71.0 


86.8 


94.8 


110.6 


126.9 
120.3 


132.0 


148.1 


164.7 


28 


62.6 


67.1 


82.3 


89.6 


104.7 


124.8 


140.4 


166.4 


30 


49.4 


63.3 


77.7 


84.4 


98.8 


113.8 


117.7 


132.7 


148.2 


32 


46.3 


69.6 


73.2 


79.2 


93.0 


107.3 


110.6 


126.0 


139.9 


34 


43.2 


66.6 


68.7 


74.0 


87.1 


100.8 


103.6 


117.3 


131.6 


36 


40.1 


61.8 


64.1 




81.2 


94.3 


96.4 


109.6 


123.3 


38 


37.0 


48.0 


69.6 


63.6 


76.3 


87.8 


89.4 


101.9 


116.0 


40 


33.9 


44.1 


66.0 


68.3 69.6 


81.3 82.2 


94.2 1 106.7 



To the above weights of column shafts add the weight of rivets. 
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Z-BAR COLUMN DIMENSIONS 



6 IN. COLUMNS 

4 Z-Bars 8-S^ in. deep 
1 Web Plate 6 in. X Thickness of Z-Bars 
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8 IN. COLUMNS 

4 Z-Bars 4-4H in. deep 
1 Web Plate 7 in. X Thickness of Z-Bars 
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SAFE LOADS IN TONS OF 2,000 LBS. 

Z-BAR COLUMNS 




SQUARE ENDS 


illowditr«»«.p6rsqw6iiu>h; ( 1^000 lb., far length, of «0 «dii or imd« | 




iafet7fMtor4 ^ i710(M>7-^fiirlflngthsoTer90radU 


10 IN. Z-BAR COLUMNS 

Soetion : 4 Z-Ban 5 in. deip and 1 Veb PlAto 7 in. X tliiflknen of Z-Ban 
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118.7 
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146.7 
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193.6 
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214.9 
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84 

n 

40 
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12 IN. Z-BAR COLUMNS 

Seetion: 4Z-Ban6in. deep and 1 Web Plate 8 in. xtUeknenofZ-Ban 
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\Ui 
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\ni 
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187.2 
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183.6 


To the above weights of column shafts add the weight of rivets. 1 
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Z-BAR COLUMN DIMENSIONS 
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10 IN. COLUMNS 

4 Z-Bars 5—6% in. deep 
1 Web Plate 7 in. x thickness of Z-Bars 
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12 IN. COLUMNS 

4 Z-Bars 6— 6J4 in. deep 
1 Web Plate 8 in. X thickness of Z-Bars 
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SAFE LOADS IN TONS OF 2,000 LBS. 

Z-BAR COLUMNS 

SQUARE ENDS 

iUowed stresses p«r8<riure inch; j U^OOO lbs for length! of 90 r«iii or under 
safety iaetor 4 / 17,100-57— for lengths orer 90 ndii 

14 IN. Z-BAR COLUMNS 

;4Z-B«r8 6^X U in. IVebPUteSx ijin. 2 Side PUtes 14 in. wide 
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269.0 
260.1 
261.8 
242.6 

288.7 
224.9 
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14 IN. Z-BAR COLUMNS 
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316.6 
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297.6 
288.0 
278.4 
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249.7 
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327.0 
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298.0 
288.2 
278.3 
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26a6 
248.6 
238.7 
228.8 
219.0 



887.6 
32a3 

818.2 
808.0 
297.9 
287.7 
277.6 

267.8 
267.1 
246.9 
2363 
226.6 



348.0 
338.9 

328.4 
318.0 
807.4 
297.0 
286.6 

276.1 
266.6 
266.1 
244.7 
234.2 



36a6 
349.4 

338.7 
327.9 
317.2 
306.4 
296.6 

2843 

274.1 
268.4 
262.6 
241.8 



869.0 
369.9 

348.9 
3373 
" .8 
316.7 
304.7 

29a6 
282.6 
271.6 
260.4 
249.4 



379.6 390.0 
870.6 381.1 



869.1 
3473 
386.4 
326.1 
813.7 

302.4 
291.0 
279.7 
268.3 
267.0 



869.4 
367.8 
346.1 
334.6 
322.8 

311.2 
299.6 
287.9 
276.2 
264.6 



To the above weights of column shafts add the weight of rivets 
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Z-BAR COLUMN DIMENSIONS 



■S^^^S^^^ 



/^' 



^ 



14^.4^ 



w 






-i 



^.' 



14 IN. COLUMNS 

4 Z-Bars 6^ X ii In. 1 Web Plate 8 X i J in. 2 Side Plates 14 in. wide 





Thiokness 
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A 
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1^ 
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1>^ 
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1^ 




1 
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19^ 
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1>^ 




•8 


19H 




1>^ 




^ 
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7^ 


1>^ 
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H 


20>i 


7A 


1>^ 






t 


20X 
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?ft 


1>^ 





14 IN. COLUMNS 

4 Z-Bars 6 X K in. 1 Web Plate 8 X ^ in. 2 Side Plates 14 in. wide 





ThiekiMu 
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A 
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Side Plates 










^ 
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1^ 
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fi 


ss 


1>^ 
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CARNEGIE STEEL COMPANY 



SAFE LOADS fN TONS OF 2,000 LBS. 

Z-BAR COLUMNS 

SQUARE ENDS 



Alloired ttrasw p«r squur* inok 



. jl2,( 



12,000 lbs. for lengthi of 90 ndii or nndor 



17400-57 ^for lengthi OTor 90 radii 



14 IN. Z-BAR COLUMNS 

8e<^tion;4^B«rg6AX Hia. 1 Veb Plato 8 X li in. 2 Side Krtes U in. -wdde 



length of 
Column 
in Feet 



26 

•ad under 
28 
30 

32 
34 
36 
38 
40 

42 
44 
46 
48 
60 






327.5 
326.7 
316.7 

306.6 
296.6 
286.7 
276.7 
266.6 

266.6 
246.6 
236.6 
226.7 
216.6 



to 



e.o 

337.6 
327.2 

318.0 
306.6 
296.4 
286.0 
276.7 

266.6 
266.2 
244.9 
234.6 
224.3 



gits 



348.6 
348.6 
337.7 

327.2 
316.6 
306.0 
296.4 
284.8 

274.3 
263.6 
263.0 
242.6 
231.9 



Is'.? 



369.0 
369.0 
348.3 

387.4 
326.6 
316.7 
304.8 
293.9 

283.0 
272.2 
261.3 
260.4 
239.6 



hi 



369.6 
369.6 
368.9 

347.7 
336.5 
326.3 
314.2 
303.0 

291.8 
280.6 
269.6 
268.3 
247.1 



380.0 
380.0 
369.6 

368.0 
346.5 
336.0 
323.6 
312.1 

300.6 
289.2 
277.7 
266.2 
254.8 






390.6 
390.6 
380.0 

368.2 
366.4 
344.7 
332.9 
321.2 

309.4 
297.6 
286.8 
274.1 
262.3 






401.0 
401.0 
390.6 

878.6 
366.4 
364.3 
342.3 
330.3 

318.2 
306.1 
294.0 
282.0 
269.9 



m 



Us 



411.6 
411.6 
401.1 

388.8 
376.4 
364.0 
361.7 
339.3 

327.0 
314.6 
302.3 
290.0 
277.6 



14 IN. Z-BAR COLUMNS 

Section; 4 Z-BmsOHx ?^ in. 1 Veb Plate 8 X % in. 2 Side PUtei 14 in. ifide 



Length of 
Colnmn 
in Feet 



26 

adnnd( 
28 
30 

32 
34 
36 
38 
40 

42 
44 
46 
48 
60 



349.1 
347.4 
.7 



326.0 
316.3 
304.6 
293.8 

a 



272.8 
261.6 
260.9 
240.2 
229.6 



if" 



369.6 
368.3 
347.2 

336.3 
326.2 
314.2 
303.2 
292.2 

281.2 
270.2 
269.1 
248.1 

237.1 



111 



370.1 
369.1 
357.9 

346.6 
336.2 
324.0 
312.6 
301.3 

290.0 
278.7 
267.4 
266.1 
244.8 



380.6 
380.0 
368.4 

366.8 
346.2 
333.6 
322.0 
810.4 

298.8 
287.2 
276.6 
264.0 
262.4 



:H5' 



391.1 
390.9 
378.9 

367.1 
356.1 
343.3 
331.4 
3X9.5 

307.6 
296.7 
283.8 
272.0 
260.0 



II gl 

2; lie 



401.6 
401.6 
389.5 

377.3 
366.2 
363.0 
340.8 
328.6 

316.4 
304.2 
292.1 
279.8 
267.6 



8% 

iisTf 



412.1 
412.1 
400.1 

387.6 
376.2 
362.7 
360.2 
337.7 

326.2 
312.7 
300.3 
2873 
276.3 



si"- 



422.6 
422.6 
410.7 

397.9 
386.1 
372.4 
369.6 
346.8 

334.0 
321.2 
308.6 
296.7 
283.0 






43ai 

433.1 
421.2 

408.2 
396.1 
382.0 
369.0 
355.9 

342.8 
329.8 
316.7 
303.6 
290.6 



To the above weights of column shafts add the weight of rivets. 
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Z-BAR COLUMN DIMENSIONS 






/^ 



4^ 



4^r^ 



FP-^ 



— i 



•TIT X — ^ 

Ic i4/'>.v-yr.>i 

14 IN. COLUMNS 

4 Z-Bars 6^ X ii in. 1 Web Plate 8 X ii in. 8 Side Plates 14 in. wid<^ 





Thiekneis 
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A 
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D 


SidePlatM 
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H 
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«fj 
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•*■■*• 1 


3 




6 ~| 


1^ 




^ 


19^ 


ft 1 


1^ 




1 


t 


19M 


?s 


1^ 






a 


aoi". 


Tu*^ 


l>i 


11 


^ 


20^ 


7A- 


l>i 


11 ' '^ 


s 


20A 

20X 


;ft 


1>^ 





14 IN. COLUMNS 

4 Z-Bars t%xH in. 1 Web Plate 8 X ^ in. 8 Side Plates 14 in. wide 





Thiokness 










M 


of 


A 


B 


c 


D ! 


Side Platei 










^ 












1 


H 


19^ 


w 


1>^ 




1 


1 


ISIt 

20 
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1>^ 
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CONSTANT DIMENSION Z-BAR COLUMNS 




Constant dimensions are sfiven on the sketch above for all columnik 

Variable dimensions see below. All rivets ^' dia. Open holes for 

\^ rivets or bolts. 

Web tie plates O'xA'xjO'— Sr >, „ , , .,. ,^ . , 

T3.1 *• 1 i. ft- ■• A/ ,-, r for all columns less than K* metal. 

Flange tie plates Vk-^'x 0'— 11" ) ^* 

For all columns fg" metal and over, tie plates are ^' thick. 

All tie plates spaced about 8' 0* center to center. 



Sins dtZ Ban 


A 


B 
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D 
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4" xSA'xX".- 
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111' 
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CARNEGIE STEEI< COMPANY 



SAFE L0AD8 IN TONS OF 2,000 LBS. 
6 IN. CHANNEL COLUMNS 

SQUARE ENDS 

lUoveditraswpcriqTureiiub; C 12;0001bt.fiirlMigth8of90ndiiorimdflr 
uittjhOatA ) 17,100-57- fbrlcngthiOTW 90 radii 



^*^^' |2^HiLCluumel8jad2iidepktet8iiLirtde 


Jbi. 


B=3Kim 
0=6Kiii. 


11 


3' 


16.0». 
r=2^ 


r=2.32 


r=2.32 


r=2.32 


r=2.32 


r=2.32 


JUL 

r=2.32 


r=2.32 


UPL 
d41bi. 
r=2.32 


00 


16 
18 

ie 

24 

16 
22 

14 
16 
18 

i§ 

14 
16 
18 
20 
22 


28.6 
28.1 
26.7 
25.3 
23.0 


52.6 
51.7 
40.1 
46.5 
43.0 


58.6 

51.8 
48.0 


64.6 
63.4 
60.3 
57.1 
53.0 


62:4 
58.0 


76.6 
75.2 

6ao 


82.6 
81.1 
77.0 

^:8 


88.6 
87.0 
82.6 
78.2 
73.0 


04.6 
02.O 
88.2 
83.5 
78.0 




21.0 Ibt. 
r=2.20 


3^1 


3^ lbs. 
r:s2.25 


.nit. 

r«2JK 


4Ulb8. 
r=2.26 


r=2.26 


sftfi.. 

r=2.27 


r=2.27 


iJPi. 

Sg.41b8. 
r=2J87 




3a6 

31.7 


61.1 
50.1 
56.0 
52.0 


67.1 
65.0 
61.6 
58.2 


73.1 
70.0 
67.2 
63.5 


70.1 
76.8 
72.8 
68.8 


85.1 
82.7 
78.4 
74.1 


01.1 
88.5 
84.0 
70.4 


07.1 
04.4 
80.5 
84.7 


103.1 

100.3 

05.1 

oo:o 




26.0 lbs. 
r=2.09 


r=2.18 


4M lbs. 
r=2.19 


m lbs. 

r=2.20 


53^ lbs. 
r=2.21 


SO lbs. 
r=2.21 


r=2.22 


63.4 lbs. 
r=2.22 


66^8 Ib^ 
r=2.23 


09 


46.8 
45.3 
42.8 
40.3 
37.8 


75.8 
64:5 


81.8 
60.8 


87.8 
84.2 


'93.B 
00.1 
85.2 
80.4 


o6.8 

06.0 
00.8 
85.7 


101.0 
06.4 
01.0 


iiiis 

107.8 

102.0 

06.3 


117.8 
113.7 
107.6 
101.6 




Lai 
31.0 lbs. 
r=2.00 


r=2.12 


r=2.13 


r=2.14 


58J31bi. 
r=2.15 


r=2.16 


^pi. 

65. Gibs. 
r=2.17 


r=2.18 


r=2.18 




54.7 
53.0 
40.0 
46.8 


84.7 
84.2 
70.7 

70;5 


00.7 
00.4 

IB:? 

75.0 


06.7 
01.5 
86.4 
81.2 


i02;7 
07.4 
02.0 
86.5 


iob;*? 

103.3 

Sl:i 


ii'ili 

100.2 

103.2 

07.1 


12a7 
102.5 


126:7 
121.0 
114.4 
107.8 



To the above weif^hts of column shafts add the weight of rivets and lattice bars, 
'/he safe loads given in this and the following tables on channel columns range in 

value from — = 90 to about — = 125. 
r r 

The size and spacing of lattice bars should be proportioned to the sections com- 
posing the column. They should not be less than 1^x5-16 in. for 6-in. channels; 
IK X 5-16 in. for 7 and 8-in. channels; 3x5-16 in. for 9 and 10-in. channels; Sx^-in. for 
IS-in. channels. 
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8AFE LOADS IN T0N8 OF 2,000 LB8. 

7 IN. CHANNEL COLUMNS 

SQUARE ENDS 

Allowed stresses p«r square inch; ( 12,000 lbs. for len^^ of 90 radii or under 
safetj factor 4 j 17400-57 j for lengthi orer 90 ndii 



Seotions : -i ^^ ^ Channels-lattioed. or '^'^f 

( 2-7 in. Channels and 2 side plates 9 in. wide eSl^Ea 



B=4^in. 
0=6^ in. 



To the above weights of column shafts add the weight of rivets and lattice bars. 
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SAFE LOADS IN TONS OF 2,000 LBS. 

8 IN. CHANNEL COLUMNS 

SQUARE ENDS 

AUoveditniaeepffiqiimiiuh; j 12;000 lbs. for lengthf of 90 ndu or m 
safety factor 4 1 17,1004»7 - for lengths OTor 90 radii 



Saekions 



jjj^.j 2-« in. Channels— latticed, or ""^'^F 

' I 2-8 in. Channels and 2 side plates 10 in. wide «£ ^ tL 



B=55^in. 

C=VA in. 



To the above weights of column shafts add the weight of rivets and lattice bars 
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SAFE LOAD8 IN TON8 OF 2,000 LBS. 

9 IN. CHANNEL COLUMNS 

SQUARE ENDS 



A]low«ditrfl8Swp«riqiiani]iflk; ( 12^000 Ibi. for langths of 90 rulii or nndtr 
nIet7&otor4 ' ) 17,100-57 - for lengthf OTor 90 radii 



■{ 



2-9 in. 
2-9 in. 



i-Urttioed, or 
and 2 tide pblet 11 in.¥ids 



B=6Kin. 
0=8J^ in. 



II 


II 


26.5 Ibt. 
r=3.49 


45Slb8. 
r=3.40 


r=3.38 


r=3.36 


r=:3.35 


6^9 Ita. 
r=:3.33 


6^5 lbs. 
r=3.32 


70 lbs. 
r=3.3i 


77.9 lbs. 
r=3.31 


0} 


24 
26 
28 
30 
32 
34 

24 
26 
28 

34 

24 
26 
28 

22 
24 
26 
28 
30 
32 


46.'? 
46.2 
43.6 
42.1 
40.6 


79.7 
78.8 
76.1 
73.4 
70.8 
68.1 


88.0 
86.7 
83.8 
80.8 
77.8 
74.9 


96.2 
94.6 
91.^ 
88.f 
84.9 
81.6 


104.4 
102.6 
99.0 
96.4 
91.9 
88.3 


112.7 
110.6 
106.6 
102.8 

II:? 


121.0 
118.4 
114.3 
110.1 
106.0 
101.8 


129.2 
126.3 
121.9 
117.4 
113.0 
108.6 


137.4 
134.2 
129.5 
124.7 
120.0 
11^6.2 




30.0 lbs. 
r=3.40 


r=3.36 


r=3.34 


58ilb8. 
r=:3.33 


r=3.32 


r=3.31 


7^0 llM. 
r=3.30 


r=3.29 


r^3.29 


10 


62.9 
62.3 
60.6 
48.8 


86.9 
84.6 
816 
78.7 
76.8 
72.9 


94.2 
92.6 
89.3 
86 1 
82.8 
79.6 


102.4 
100.4 
96.9 
93.4 
89.9 
86.4 


110.6 
108.3 
104.6 
100.7 
96.9 
93.1 


118.9 
116.2 
112.1 
108.0 
103.9 
99.8 


127.2 
124.1 
119.7 
116.4 
111.0 
106.6 


136.4 
132.0 
127.4 
122.7 
118.0 
113.3 


143.6 

\m% 

130.0 
125.0 
120.0 




Lai 
40.01b8. 
r=3J81 


68.1 lbs. 
r=3.25 


r=3.25 


r=3.24 


80 lbs. 
r=3.24 


80 1b«. 
r=3.23 


r=3.23 


r=3.23 


100.81b8. 
r=3.23 


i 
8 


70.6 
68.0 
66.6 
63.0 
60.6 


120.1 
116.3 
112.1 
107.9 
103.7 


128.3 
124.2 
119.7 
116.2 
110.7 


136.6 

132.1 
127.3 
122.6 
117.7 


144.8 
140.1 
136.0 
129.9 
124.8 


153.1 
148.0 
142.6 
137.2 
131.8 


161.3 
165.8 
160.1 
144.5 
138.8 


169.6 
163.8 
167.8 
161.8 
146.8 


177.8 

159.2 
162.9 




Lai 
50.0 lbs. 
r=3.10 


oToibs. 

r=3.17 


96.8 lbs 
r=3.17 


4 J PI 
101.4 lbs. 
t=3.l7 


^Pl. 
106.11b8. 
r=3.17 


ilPl. 
110.8 lbs. 
r=3.17 


115'41b8. 
r=3.17 


18 PI- 
120.1 lbs. 
r=3.17 


rpi. 

124.81b8 
r=3.17. 


i 
S 


88.2 
86.8 
83.6 
80.3 


162.6 
161.6 
166,6 
149.8 
143.9 
138.1 


170.7 
169.6 
163.6 
167.4 
161.2 
146.1 


178.9 
177.8 
171.4 
164.9 
168.6 
162.1 


187.2 
186.0 
179.3 
172.6 
166.9 
169.1 


196.6 
194.3 

iiS:i 

173.2 
166.2 


202.4 
196.1 
187.8 
180.6 
173.2 


211.9 
210.6 
203.0 
196.4 
187.8 
180.2 


220.2 
218.8 
210.9 
203.0 



To the above weights of column shafts add the weight of rivets and lattice bars. 
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SAFE LOADS IN TONS OF 2,000 LBS.-10' CHANNEL COLUMNS— SQUARE ENDS 

,,, . _^ , , ( 1%000 lbs. for lengths of 90 radii or under 

illoired stresses per SQoareinoh: j i ^ 

ssfetj fiM»tor 4 ( i7,i00-57^fcr kngths oTer 90 ndii 
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CARNEGIE STEEI^ COMPANY 



ULTIMATE STRENGTH OF COLUMNS 
MEDIUM STEEL 



For different proportions of length in feet (=1). 
To least radius of gyration in inches (=r). 
Ultimate Strength in pounds per square inch : 



Column 

Square Bearing: 

50000 



Column 

Pin and Square Bearing: 

50000 



Column 

Pin Bearing: 

50000 



1 + - 



(12/)» 



1 + - 



(12/)'' 



24000 r'' 



1 + - 



(12/)» 



36000 r« 
To obtain Safe Resistance: 

For quiescent loads, as in buildings, divide by 4. 
For moving loads, as in bridges, divide by 5. 



18000 r« 





Ultimate Strength in 


Pounds 1 




Ultimate Strength in Pounds 


1 


per Square Inch 


r 


per Square Inch 


r 


Square 


Pin and 
Square 


Pin 


Square 


Pin and 
Square 


Pin 


8.0 


48260 


47440 


46840 


9.0 


377G0 


83650 


30340 


8.2 


48030 


47110 


46210 


9.2 


87350 


33160 


29810 


8.4 


47790 


46760 


46770 


9.4 


36940 


82680 


29290 


8.6 


47&40 


46390 


45300 


9.6 


86580 


32200 


28780 


8.8 


47270 


46010 


44820 


9.8 


86120 


81720 


28280 


4.0 


46990 


45620 


44880 


10.0 


85710 


81250 


27r80 


4.2 


46710 


45210 


43820 


10.2 


85310 


30780 


27290 


4.4 


46410 


44800 


43800 


10.4 


34900 


30320 


26810 


4.6 


46100 


443r0 


42700 • 


10.6 


34500 


29870 


26330 


4.8 


45780 


43930 


42220 


10.8 


84090 


29420 


25870 


6.0 


45460 


43480 


41670 


11.0 


88690 


28970 


25410 


5.2 


45120 


43020 


41110 


11.2 


83290 


28530 


24960 


6.4 


44780 


42560 


40540 


11.4 


32900 


28090 


24510 


6.6 


44480 


42080 


89970 


11.6 


32510 


27670 


24080 


6.8 


44070 


41600 


89«)0 


11.8 


32110 


27240 


23650 


6.0 


48no 


41120 


88820 


12.0 


81780 


26820 


28230 


6.2 


43840 


40630 


88240 


12.2 


81340 


26410 


22820 


6.4 


42960 


40140 


87660 


12.4 


30960 


26010 


22420 


6.6 


42580 


89640 


87080 


12.6 


80580 


25610 


22030 


6.8 


42200 


89140 


86500 


12.8 


80210 


25210 


21640 


7.0 


41810 


88640 


85920 


13.0 


29P30 


24880 


21260 


7.2 


41410 


88140 


85840 


18.2 


29460 


24450 


20890 


7.4 


41020 


87640 


84770 


13.5 


28'^SO 


28890 


20850 


7.6 


40620 


87130 


84200 


13.8 


2S380 


28840 


19810 


7.8 


40210 


86630 


88630 


14.0 


28030 


22980 


19470 


8.0 


89810 


86180 


88070 


14.2 


27680 


22680 


19130 


8.2 


89400 


85630 


82510 


14.5 


27180 


22110 


18650 


8.4 


88990 


85180 


81960 


14.8 


26650 


21610 


18170 


8.6 


88590 


84680 


81410 


15.0 


26320 


21280 


17860 


8.8 


88180 


84140 


80879 


15.2 


25990 


20950 


17550 
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ULTIMATE 


STRENGTH OF COLUMNS-Continued 




mtim&te Strength in 


Pounds 




Ultimate Strength in 


Pounds 


1 


per Sqnare Inch 


1 

r 


per Square Inch 


r 


Square 


Pin & Square 


Pin 


Square 


Pin&Square 


Pin 


15.5 


25500 


20490 


17110 


18.5 


21100 


16880 


18880 


15.8 


25030 


20020 


16680 


18.8 


20720 


16020 


18060 


16.0 


24700 


19720 


16400 










16.2 


24890 


19420 


16180 


19.0 


20460 


16790 


12860 


16.5 


28940 


18990 


15740 


19.2 


20210 


15570 


12660 


16.8 


23490 


18560 


15850 


19.5 


19840 


15240 


12860 


17.0 


28190 


18290 


15100 


19.8 


19470 


14920 


12090 


17.2 


22900 


18020 


14850 










17.5 


22480 


17680 


14490 


20.0 


19280 


14710 


11910 


17.8 


22050 


17240 


14150 


20.2 


19000 


14500 


11780 


18.0 


2J780 


16980 


18030 


20.5 


18650 


14200 


11460 


18.2 


21510 


16740 


isroo 


20.8 


18810 


18910 


11210 



RADII OF GYRATION FOR TWO ANGLES PLACED 
BACK TO BACK 

ANGUES WITH EQUAL LEGS 




Radii of 


Gyration given correspond to directions 


indicated by 


arrow headj 


3. 














Size 


Thickness 
Inches 


Area of 

Single Ingle 

Square 

Inches 


Weight per 
Foot of 

Single Ingle 
Pounds 


Radii of Gyration 


Inches 


To 


'^ 


Ta 


fa 


8 X8 


J^ 


7.75 


26.4 


2.50 


8.83 


8.49 


8.58 


8 X8 


iKs 


16.^8 


55.9 


2.42 


8.42 


8.00 


8.69 


6 X6 


H 


4.36 


14.9 


1.88 


2.49 


2.67 


2 76 


6 X6 


1 


11.00 


87.4 


1.80 


2.59 


2.77 


2.87 


•5 X5 


H 


8.61 


12.8 


1.56 


2.09 


2.26 


2.85 


*5 X5 


1 


9.00 


80.6 


1.48 


2.19 


2.88 


2.48 


4 X4 


JL 


2.40 


8.2 


1.24 


1.67 


1.85 


1.94 


4 X4 


t| 


6.84 


19.9 


1.18 


1.75 


1.94 


2.04 


s%xs% 


JL 


2.09 


7.2 


1.06 


1.47 


1.65 


1.74 


9^XS14 


H 


5.08 


17.1 


1.02 


1.55 


1.74 


1.86 


8 X8 


J^ 


1.44 


4.9 


0.98 


1.25 


1.48 


1.58 


8 X8 


^ 


8.86 


11.5 


0.88 


1.82 


1.51 


1.62 


•2KX25^ 


1.81 


4.5 


0.85 


1.15 


1.84 


1.44 


•2KX2K 
254x2j2 


% 


2.50 


8.5 


0.82 


1.19 


1.89 


1.49 


^ 


0.90 


8.1 


0.78 


1.04 


1.22 


1.82 


2%X2% 
♦2gx2}< 


}4 


2.25 


7.7 


0.74 


1.10 


1.29 


1.40 


JL 


0.81 


2.8 


0.70 


0.94 


1.12 


1.28 


♦25jx2g 


% 


2.00 


6.8 


0.66 


0.99 


1.19 


1.30 
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RADII OF GYRATION FOR TWO ANGLES PLACED 
BACK TO BACK 



ANGLES WITH UNEQUAL LEGS 





^.__r»_. 



<H) 



Radii of Gyration given correspond to directions indicated by 
arrow heads. 



♦45^X8 
•4^X8 



85^X8 
8KX8 

S%X9% 

•8KX2 
*85<xa 
8 X25^ 
S X2H 

♦8 X2 
•8 X8 

2Kxa 

2KX2 



niokness 



Area of 

SinjEle ingle 

Square 



4.40 
9.60 

8.61 
9.00 
8.42 
8.60 

8.28 

7.11 
2.56 
6.67 

2.40 
6.84 
2.25 
6.48 

2.25 
6.48 
2.09 
6.08 

1.08 
4.62 
1.44 
8.66 

1.26 
2.64 
1.81 

2.78 

1.19 
2.25 

0.81 
2.00 



Weight per 

Foot of 
SiiLgle Angle 



20.5 
15.0 
82.8 

12.8 
80.6 
11,7 
28.9 

11.0 
24.2 
8.7 
22.7 

8.2 
19.9 

7.7 
18.6 

7.7 
18.6 

7.2 
17.1 

6.6 
15.8 

4.9 
12.6 

4.8 

9.0 
4.6 
9.6 

4.1 
7.7 
2.8 
6.8 



Radii of Gyration 



2.58 
2.26 
2.19 

1.98 
1.85 
1 94 
1.85 

1.59 
1.52 
1.61 
1.68 

1.61 
1.65 
1.44 
1.88 

1.26 
1.19 
1.27 
1.21 

1.10 
1.04 
1.12 
1.06 

1.04 
1.00 
0.96 
0.91 

0.96 
0.92 
0.79 
0.76 



1.17 
1.21 
1.81 

1.50 
1.60 
1.26 
1.87 

1.68 
1.66 
1.88 
1.42 

1.09 
1.18 
1.18 
1.25 

1.42 
1.60 
1.17 
1.25 

1.22 
1.80 
0.96 
1.08 

0.74 
0.79 
1.00 
1.05 

0.75 
0.80 
0.79 
0.84 



1.85 
1.89 
1.60 

1.67 
1.79 
1.48 
1.66 

1.76 
1.86 
1.60 
1.61 

1.26 
1.87 
1.81 
1.46 

1.60 
1.69 
1.85 
1.45 

1.40 
1.50 
1.18 
1.28 

0.92 
0.99 
1.18 
1.26 

0.98 
1.00 
0.97 
1.04 



1.44 
1.47 
1.60 

1.76 
1.89 
1.68 
1.67 

1.85 
1.96 
1.59 
1.71 

1.86 
1.47 
1.40 
1.64 

1.69 
1.79 
1.44 
1.65 

1.49 
1.60 
1.28 
1.88 

1.00 
1.10 
1.28 
1.86 

1.08 
1.10 
1.07 
1.16 
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RADII OF GYRATION FOR TWO ANGLES PLACED 
BACK TO BACK 



ANGLES WITH UNEQUAU LEGS 




Radii of Gyration g^iven correspond to directions indicated by 
arrow heads. 



SiM 



•8 x8}^ 
♦7 XS% 
*7 XS% 

6 X4 
6 X4 
X8K 
X8K 



6 
6 

♦6 X4 
•6 X4 



X8H 

X8 
X8 



•4KX8 
♦4KX8 

*4 X85i 

♦4 X8}^ 

4 X8 

4 X8 

85^X8 
8KX8 
8KX2H 
85^X2^ 

•8Kxa 

*8KX2 
8 X2H 
8 X2S 

•8 xa 

♦8 X2 
2JiX2 
2J^X2 



Thiokn«S8 
Infihoi 



i 



.^ 



Area of 

iii£le Angle 

Square 

Inches 



6.02 
4.40 
9.50 

8.61 
9.00 
8.42 
8.60 

8.28 

7.11 
2.56 
6.67 

2.40 
6.84 
2.25 
6.4S 

2.2S 
6.48 
2.09 
5.08 

1.98 
4.62 
1.44 
8.66 

1.25 
2.64 
1.81 

2.78 

1.19 
2.26 
0.81 
2.00 



Weight per 
Foot of 

Single Angle 
Pounds 



20.5 
15.0 
82.8 

12.8 
80.6 
11.7 
28.9 

11.0 
24.2 

8.7 
22.7 

8.2 
19.9 

7.7 
18.5 

7.7 
18.5 

7.2 
17.1 

6.6 
15.8 

4.9 
12.5 

4.8 

9.0 
4.6 
9.5 

4.1 
7.7 
2.8 
6.8 



Radii of Gyration 



0.90 
0.95 
0.89 

1.17 
1.09 
0.99 
0.92 

1.20 
1.14 
1.08 
0.96 

0.85 
0.80 
0.88 
0.81 

1.07 
1.01 
0.89 
0.88 

0.90 
0.86 
0.74 
0.67 

0.57 
0.68 
0.75 
0.72 

0.58 
0.56 
0.60 
0.56 



8.95 
8.87 
8.48 

2.74 
2.85 
2.81 
2.98 

2.20 
2.29 
2.26 
2.86 

2.88 
2.42 
2.06 
2.15 

1.78 

1.81 
1.79 
1.88 

1.62 
1.61 
1.58 
1.66 

1.51 
1.57 
1.81 
1.87 

1.88 
1.42 
1.10 
1.16 



4.14 
8.56 
8.68 

2.92 
8.04 
8.00 
8.18 

2.88 
2.48 
2.44 
2.55 

2.51 
2.62 
2.24 
2.85 

1.91 
2.01 
1.97 
2.06 

1.71 
1.81 
1.76 
1.86 

1.70 
1.77 
1.60 
1.56 

1.66 
1.62 
1.28 
1.85 



4.24 
8.66 
8.78 

8.01 
8.14 
8.10 
8.28 

2.48 
2.58 
2.54 
2.66 

2.61 
2.72 
2.84 
2.46 

2.00 
2.11 
2.07 
2.18 

1.80 
1.91 
1.86 
1.96 

1.80 
1.88 
1.69 
1.66 

1.66 
1.78 
1.89 
1.46 
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RADII i 


DF GYRATION 


FOR ROUNC 


> COLUM 


NS 


* -I 


TluAkn«s8 in Inehes Ytajing b j Tenths 


.1 


.2 


.3 


.4 


.5 


.6 


.7 


.8 


.9 


1.0 


Oomiponding lUdiim of Gjntion in Indies 


2 


.67 


.64 


.61 


.68 


.56 


.54 


.52 


.51 


.50 


.50 


3 


1.03 


.99 


.96 


.93 


,90 


.88 


.85 


.83 


.81 


.79 


4 


1.88 


1.85 


1.31 


1.28 


1.25 


1.22 


1.19 


1.16 


1.14 


1.12 


5 


1.73 


1.70 


1.66 


1.63 


1.60 


1.57 


1.54 


1.51 


1.48 


1.46 


6 


2.08 


2.05 


2.02 


1.98 


1.95 


1.92 


1.89 


1.86 


1.83 


1.80 


7 


2.43 


2.40 


2.36 


2.33 


2.30 


2.27 


2.24 


2.21 


2.18 


2.15 


8 


2.79 


2.76 


2.72 


2.69 


2.66 


2.62 


2.59 


2.56 


2.53 


2.50 


9 


8.15 


3.11 


3.08 


3.04 


8.01 


2.97 


2.94 


2.91 


2.88 


2.85 


10 


8.51 


3.47 


3.44 


3.40 


3.37 


3.33 


8.30 


3.27 


8.23 


3.20 


11 


8.86 


3.82 


3.79 


3.75 


3.72 


8.68 


3.65 


8.62 


8.58 


8.55 


12 


4.21 


4.18 


4.15 


4.11 


4.08 


4.04 


4.01 


3.97 


3.94 


3.90 



RADII OF GYRATION 


FOP 


t SQUARE COLUMNS 


S g 


Thickness in Inches Varying by Tenths 


.1 


.2 


.3 


.4 


.6 


.6 


.7 


.8 


.9 


1.0 


1^ 


Corresponding Radios of Gjraticn in Inches 


2 


.78 


.74 


.71 


.68 


.65 


.63 


.61 


.59 


.58 


.58 


8 


1.18 


1.14 


1.11 


1.08 


1.04 


1.01 


.98 


.96 


.93 


.91 


4 


1.59 


1.55 


1.51 


1.47 


1.44 


1.41 


1.38 


1.35 


1.82 


1.29 


5 


2.00 


1.96 


1.92 


1.89 


1.85 


1.81 


1.78 


1.75 


1.71 


1.68 


6 


2.41 


2.37 


2.33 


2.29 


2.25 


2.21 


2.18 


2.15 


2.11 


2.08 


7 


2.82 


2.78 


2.74 


2.70 


2.66 


2.62 


2.58 


2.55 


2.51 


2.48 


8 


3.23 


3.19 


3.15 


3.11 


3.07 


3.03 


2.99 


2.96 


2.92 


2.89 


9 


3.68 


3.59 


8.55 


3.51 


3.48 


3.44 


3.40 


3.86 


3.32 


3.29 


10 


4.04 


4.00 


8.96 


3.92 


3.88 


8.84 


3.80 


3.77 


3.78 


8.70 


11 


4.45 


4.41 


4.87 


4.83 


4.29 


4.25 


4.21 


4.17 


4.13 


4.10 


12 


4.86 


4.82 


4.78 


4.74 


4.70 


4.66 


4.62 


4.58 


4.54 


4.51 
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ULTIMATE STRENGTH OF HOLLOW ROUND 

AND HOLLOW RECTANGULAR CAST 

IRON COLUMNS 

Ultimate Strensrth in Pounds per Square Inch : 



Round Columns 



Rectangular Columns 



If^iianBfliring Pin ft Squire 
80000 80000 



PinBfltring 
80000 



1 + 



(12/)' 



1 + 



8(12/)" 



1 + 



(12/)" 



Square Bttring 
80000 



Pin ft Square 
80000 



Pin Bearing 
80000 



1 + 



8(12/)" 
8200 da 



1 + 



9(12/)« 
6400 d« 



1 + 



800 d« ^1600 d» ^400 d» 

l=Length of column in feet, 

d= External diameter or least side of rectangle in inches. 



8(12/)' 
16u0d« 





ROUNI) COLUMNS 


REOTANOULiR COLUMNS 


1 


Ultimate Strength in Poondi 


per Sq. Inch 




perSq.In0h 


d 


Square 


Pin and 


Pin 


Square 


Pin and 


Pin 




B^kring 


Square 


Bearing 


Bearing 


Square 


Bearing 


1.0 


67800 


62990 


58820 


70480 


66520 


62990 


1.1 


65690 


60800 


65780 


68790 


64260 


60300 


1.2 


68530 


57600 


52690 


67000 


61940 


67600 


1.8 


61340 


54930 


49740 


05140 


59600 


64960 


1.4 


59140 


62310 


46900 


68260 


67270 


62320 


1.5 


66940 


49770 


44200 


61360 


64960 


49760 


1.6 


54760 


47800 


41630 


59450 


62680 


47300- 


1.7 


62620 


44940 


89210 


67550 


60460 


4496a 


1.8 


60530 


42670 


86930 


65670 


48300 


4267a 


1.9 


48490 


40510 


84790 


63800 


46230 


40510- 


S.O 


46510 


88460 




61940 


44200 


8846(V 


2.1 


44600 


86520 


80920 


60160 


42260 


8652a 


2.2 


42750 


84680 


29180 


48400 


40400 


84680 


2.8 


40960 


82940 


27540 


46670 


88630 


82950 


2.4 


89280 


81810 


26030 


44990 


86930 


81810 


2.6 


87650 


297r0 


24620 


4S390 


86810 


2976a 


2.6 


86090 


28320 


23300 


41820 


88770 


28820 


2.7 


84600 


26950 


22070 


40320 


82810 


26950 


2.8 


88180 


25670 


20930 


88870 


80920 


25670 


2.9 


81820 


24460 


19860 


87470 


29600 


24460 


8.0 


80680 


28820 


18870 


86126 


28840 


28820 . 


8.1 


29610 


22250 


17940 


84880 


27160 


22250 


8.2 


28140 


21260 


17070 


88580 


26080 


21260 


8.8 


27080 


20800 


16260 


82890 


24'>60 


20300 


8.4 


26970 


19410 


16600 


81240 


28940 


194ia 
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SAFE 


LOADS IN TONS OF 


2,000 LBS. FOR 




HOLLOW ROUND CAST IRON COLUMNS | 


l| 


"8 

|1 


UoiOL of Golnnms in Feet 


1 


m 

Hi 


8 


10 


12 


14 


16 


18 


20 


22 


24 


1^ 


Tbns 


Tom 


Tons 


Tons 


Tons 


Tons 


Tons 


Tou 


Tons 


6 


H 


96.2 


28.0 


80.1 


17.5 


15.2 


13.2 


11.6 






8.6 


26.96 


6 


% 


87.5 


83.0 


28.8 


25.0 


21.7 


18.9 


16.6 




.... 


12.4 


88.59 


6 


42.7 


87.6 


82.8 


28.5 


24.7 


21.5 


18.8 




.... 


14.1 


43.96 


6 




47.6 


41.9 


86.5 


81.8 


27.6 


24.0 


21.0 




.... 


15.7 


49.01 


6 


IH 


62.2 


46.0 


40.1 


84.8 


80.2 


26.8 


28.0 


.... 




17.2 


68.76 


7 


H 


47.7 


43.1 


88.5 


84.3 


80.4 


26.9 


23.9 


21.2 


18.9 


14.7 


45.96 


7 




61.1 


65.2 


49.8 


43.8 


88.9 


84.4 


80.6 


27.1 


24.2 


18.9 


58.90 


7 


m 


67.2 


60.8 


64.8 


48.8 


42.8 


87.9 


83.7 


29.9 


26.7 


20.8 


64.77 


8 


H 


67.9 


68.3 


48.6 


44.1 


89.7 


85.8 


82.2 


28.9 


26.1 


17.1 


68.29 


8 




74.6 


68.7 


62.5 


56.7 


51.1 


46.0 


41.4 


87.3 


83.6 


22.0 


68.64 


8 


IH 


89.9 


82.8 


76.5 


68.4 


61.7 


66.5 


49.9 


44.9 


40.5 


26.6 


82.71 


9 


H 


68.1 


63.6 


63.9 


64.2 


49.6 


45.2 


41.2 


87.5 


84.1 


19.4 


60.66 


9 




88.0 


82.3 


76.2 


70.0 


64.1 


58.4 


53.2 


48.4 


44.1 


25.1 


78.40 


9 


IK 


106.6 


99.6 


92.2 


84.8 


77.6 


70.8 


64.4 


58.7 


53.4 


30.4 


94.94 


9 


]^ 


128.8 


115.7 


lor.i 


96.5 


90.1 


82.2 


74.8 


68.1 


62.0 


35.8 


110.26 


9 


1^ 


189.6 


130.5 


120.8 


111.1 


101.6 


92.7 


84.4 


76.8 


69.9 


89.9 


124.86 


10 




101.4 


95.9 


89.8 


83.6 


77.4 


71.5 


66.8 


60.5 


55.5 


28.8 


88.23 


10 


• IK 


128.8 


116.5 


109.1 


101.6 


94.1 


86.8 


79.9 


78.4 


67.5 


84.4 


107.23 


10 


1J4 


143.7 


135.8 


127.8 


118.5 


109.7 


101.2 


98.2 


85.6 


78.7 


40.1 


124.99 


10 


^H 


162.7 


158.8 


144.1 


184.1 


124.2 


114.6 


105.5 


97.0 


89.1 


45.4 


141.65 


11 




114.8 


109.4 


103.5 


97.8 


91.0 


84.8 


80.2 


78.1 


67.7 


31.4 


98.03 


11 


IK 


139.9 


133.3 


128.1 


118.6 


110.9 


108.3 


97.8 


89.4 


82.6 


88.3 


119.46 


11 


ij^ 


168.5 


155.9 


147.5 


138.6 


128.7 


120.8 


114.3 


104.1 


96.4 


44.8 


189.68 


11 


1^ 


185.7 


177.1 


167.5 


137.5 


147.8 


137.2 


129.8 


118.3 


109.5 


50.9 


158.68 


11 




206.6 


196.9 


186.8 


176.1 


1G3.8 


152.6 


144.4 


131.5 


121.8 


56.6 


176.44 


12 




128.0 


122.9 


117.2 


111.0 


104.7 


96.4 


92.2 


86.1 


80.4 


84.6 


107.51 


12 


IK 


156.4 


150.1 


143.1 


135.7 


127.9 


120.2 


112.6 


105.2 


98.2 


42.2 


181.41 


12 


t% 


183.8 


175.9 


167.7 


159.0 


140.9 


140.9 


182.0 


123.3 


115.1 


49.5 


154.10 


12 


ni 


208.7 


200.4 


191.0 


181.1 


170.7 


160.4 


150.3 


140.5 


181.1 


56.4 


175.58 


12 




282.7 


223.4 


218.0 


201.9 


190.4 


178.9 


167.6 


156.6 


146.1 


62.8 


196.75 


18 




141.2 


136.3 


130.7 


124.7 


118.5 


112.1 


105.8 


99.5 


96.5 


87.7 


117.63 


18 


1^ 


172.8 


166.8 


160.0 


152.7 


145.0 


137.2 


129.4 


121.8 


114.4 


46.1 


143.86 


18 


208.0 


195.9 


1K7.9 


179.3 


170.8 


161.1 


152.0 


143.1 


184.8 


54.2 


168.96 


18 


1^ 


281.6 


228.6 


214.5 


204.7 


194.4 


183.9 


178.5 


163.8 


153.3 


61.9 


192.88 


18 




258.9 


249.9 


289.7 


228.7 


217.8 


205.5 


196.9 


182.5 


171.3 


69.1 


216.56 


14 




154.8 


149.6 


144.8 


188.5 


132.8 


126.9 


119.5 


113.1 


106.8 


40.8 


127.60 


14 


IK 


189.2 


183.4 


176.9 


169.7 


162.2 


154.4 


146.6 


138.6 


131.0 


50.1 


156.81 


14 


1^ 


222.6 


215.8 


208.1 


199.7 


190.8 


181.7 


172.3 


163.1 


154.1 


58.9 


188.67 


14 


254.4 


246.7 


237.9 


228.8 


218.1 


207.6 


197.0 


186.6 


176.2 


67.4 


210.00 


14 


8 


284.8 


276.2 


266.4 


256.6 


244.2 


232.4 


220.6 


208.8 


197.2 


75.4 


285.12 


16 




167.4 


162.9 


167.8 


152.1 


146.0 


139.7 


183.8 


126.8 


120.4 


44.0 


187.28 


15 


IK 


205.5 


200.0 


193.7 


186.7 


179.3 


171.5 


163.6 


155.7 


147.9 


54.0 


168.48 


16 


IK 


242.^ 


235.7 


228.2 


290.0 


211.2 


202.1 


192.8 


188.5 


174.2 


63.6 


196.74 


15 


1^ 


2Tr.a 


209.8 


261.3 


251.9 


241.9 


231.4 


220.7 


210.1 


199.5 


72.9 


227.45 


15 


2 


810.8 


302.5 


293.0 


282.5 


271.2 


259.6 


247.5 


285.5 


223.6 


81.7 


254.90 


1 
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MOMENTS OF INERTIA OF RECTANGLES 




Axis 



y 


Width of Rectangle in Inches 


X 


A 


H 


tV 


y2 


A 


H 


6 


4.50 


6.68 


6.75 


7.88 


9.00 


10.18 


11.25 


7 


7.16 


8.93 


10.72 


12.61 


14.29 


16.08 


17.86 


8 


10.67 


18.88 


16.00 


18.67 


21.88 


24.00 


26.67 


9 


15.19 


18.96 


22.78 


26.58 


80.38 


84.17 


87.97 


10 


20.88 


26.04 


81.26 


86.46 


41.67 


46.87 


62.08 


11 


27.78 


84.66 


41.69 


48.68 


65.46 


62.89 


69.32 


12 


86.00 


46.00 


64.00 


63.00 


72.00 


81.00 


90.00 


18 


46.rr 


57.21 


68.66 


80.10 


91.54 


102.98 


114.48 


14 


67.17 


71.46 


86.75 


100.04 


114.33 


128.63 


142. 9^ 


15 


70.81 


87.89 


105.47 


123.05 


140.68 


158.20 


175.78 


16 


85.88 


106.67 


128.00 


149.88 


170.67 


192.00 


218.8a 


17 


102.85 


127.94 


163.58 


179.12 


204.71 


280.80 


256.89 


18 


121.60 


151.88 


182.26 


212.68 


243.00 


278.88 


808.76 


19 


142.90 


178.62 


214.34 


250.07 


285.79 


821.62 


867.24 


20 


166.67 


208.88 


250.00 


291.67 


838.88 


876.00 


416.6r 


21 


192.94 


241.17 


289.41 


337.64 


386.88 


434.11 


482.34 


22 


221.88 


27r.29 


332.75 


388.21 


443.67 


499.18 


564.58 


28 


253.48 


316.86 


880.22 


443.59 


606.96 


670.88 


638.70 


24 


288.00 


360.00 


482.00 


504.00 


576.00 


648.00 


720.00 


25 


825.52 


406.90 


488.28 


569.66 


661.04 


782.42 


818.80 


26 


866.17 


457.71 


549.25 


640.79 


7^.88 


828.88 


915.42 


27 


410.06 


512.68 


615.09 


717.61 


820.18 


922.64 


1025.1ft 


28 


457.88 


671.67 


686.00 


800.88 


914.67 


1029.00 


1143.88 


29 


508.10 


686.18 


762.16 


889.18 


1016.21 


1148.28 


1270.26 


80 


562.60 


708.18 


843.75 


984.38 


1125.00 


1266.68 


1406.26 


81 


620.65 


775.81 


980.97 


1086.18 


1241.80 


1896.46 


1651.62 


82 


682.67 


863.88 


1024.00 


1194.67 


1365.33 


1686.00 


1706.67 


88 


748.69 


985.86 


1128.08 


1310.20 


1497.88 


1684.66 


1871.72 


84 


818.88 


1028.64 


1228.25 


1482.96 


1687.67 


1842.88 


2047.08 


85 


898.28 


1116.64 


1889.84 


1568.16 


1786.46 


2009.76 


2288.07 


86 


972.00 


1216.00 


1468.00 


1701.00 


1944.00 


2187.00 


2480.00 


87 


1055.27 


1319.09 


1582.90 


1846.72 


2110.54 


2874.86 


2688.17 


88 


1148.17 


1428.96 


1714.76 


2000.64 


2286.33 


2572.18 


2857.92 


89 


1285.81 


1644.rr 


1858.72 


2162.67 


2471.62 


2780.58 


8089.53 


40 


1888.88 


1666.67 


2000.00 


2833.33 


2666.67 


3000.00 


3888.88 
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EXPLANATION OF TABLES ON BEAM 
BOX GIRDERS 

An economical style of box girder well adapted for short 
spans is one composed of a pair of I-beams with top and bottom 
flange plates. Such girders are commonly used for supporting 
interior walls in buildings. The tables are prepared to con- 
form to standard sizes of I-beams. 

The values given in the tables are founded upon the 
moments of inertia of the various sections. Deductions were 
made for the rivet holes in both flanges. The maximum stress 
in extreme fibers was limited to 15,000 lbs. per square inch, 
while in the tables on rolled steel beams a fiber stress of 16,000 
lbs. was used. This reduction was made in order to amply 
compensate for the deterioration of the metal around the rivet 
holes from punching. 

Box girders should not be used in damp or exposed places, 
since the interior surfaces do not readily admit of repainting. 

EXAMPLE 

A 18-in. brick wall 16 feet high is to be built over an open- 
ing of 25 ft. What will be the section of the girder required? 

Answer: — ^Assuming 26 feet as the distance center to 
center of bearings the weight of the wall will be 26X16X121= 
60,336 lbs., or 25.17 tons. 

On page 158 we find that a girder composed of two 12-in. 
beams each weighing 81.5 lbs. per foot and two 14 X>^ in. 
flange plates will carry safely for a span of 26 ft. a uniformly 
distributed load of 25.37 tons, including its own weight. De- 
ducting the latter, 1.48 tons given in the next column, we find 
23.89 tons for the value of the safe net load, which is 1.28 tons 
less than required. From the following column we find that by 
increasing the thickness of the flange plates -^ in. we may add 
1.68 tons to the allowable load. This will more than cover the 
difference. Hence, the required section will be two 12-in. 
beams 81.5 lbs. per foot and two 14 X ^ in. cover plates. 
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BEAM BOX GIRDERS 

SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED 

2-^10 in. I-Beams and 2 Plates 12 in. X K ii^ 



8 Plates 
12XK 






Wr'Sr^ 



^0= 



Si 



10 in. 
I-Beams 
25.0 lbs. 
per Foot 



ll 




1*8 


fe 

rj 


10 


46.00 


11 


40.92 


12 


37.60 


13 


34.62 


14 


32.16 


16 


30.00 


16 


28.13 


17 


26.47 


18 


26.00 


19 


23.69 


20 


22.60 


21 


21.43 


22 


20.46 


23 


19.67 


24 


18.76 


26 


18.00 


26 


17.31 


27 


16.67 




16.07 


2Q 


16.62 


30 


16.00 


31 


14.62 


32 


14.07 


33 


13.64 


34 


13.23 


36 


12.86 


36 


12.60 


37 


12.16 


38 


11.84 


39 


11.64 






"I 



0.47 
0.62 
0.66 
0.61 
0.66 
e/70 
U76 
0.80 
0.84 
0.89 
0.94 
0.99 
1.03 
1.08 
1.13 
1.17 
1.22 
1.27 
1.31 
1.36 
1.41 
1.46 
1.60 
1.66 
1.69 
1.64 
1.69 
1.74 
1.78 
1.83 



3.06 
2.78 
2.66 
2.36 
2.18 
2.04 
1.90 
1.80 
1.70 
1.60 
1.63 
1.46 
1.38 
1.32 
1.28 
1.22 
1.18 
1.13 
1.10 
1.06 
1.02 
0.99 
0.96 
0.92 
0.90 
0.88 
0.86 
0.83 
0.81 
0.78 



0.02 
0.03 
0.03 
0.03 
0.03 
0.04 
0.04 
0.04 
0.04 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.07 
0.07 
0.07 
0.07 
0.08 
0.08 
0.08 
0.08 
0.09 
0.09 
0.09 
0.09 
0.10 



Above values are based on maximum fiber stress of 15,000 lbs. per 
square inch ; ii in. rivet holes in both flanges deducted. Weights of 
S^rders correspond to lengths center to center of bearings. 
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BEAM BOX GIRDERS 

•APK LOADS IN TONS UNIFORMLY OISTIIIBUTKD 

2—12 in. I-Beams and 2 Plates 14 In. X }4 in. 




Above values are based on maximum fiber stress of 15,000 lbs. per 
square inch ; ^i in. rivet holes in both flanges deducted. Weights o# 
Kirders correspond to lengths center to center of bearings. 
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BEAM BOX GIRDERS 

SAFE UOADS IN TONS UNIFORMLY DISTRIBUTED 

2-15 in. I-Beams and 2 Plates 14 in. X Vb in. 



Above values are based on maximum fiber stress of 15 000 lbs. per 
square inch ; if in. rivet holes in both flanges deducted. Weights of 
girders correspond to lengfths center to center of bearings. 
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BEAM BOX GIRDERS 



SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED 



,.-6^* 



2 Plates 
16XK 



10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30 
81 
82 
88 
84 
86 
86 
37 
38 
89 




18 in. 
I-Beams 

SSlbs. 
per Foot 



33 
76 
)6 
)6 
>9 
L9 
)9 
L4 
>7 
JO 
L2 
)6 
i& 

n 

)3 
)9 
17 
)6 
JO 
70 

74: 

n 

JO 
>9 
)7 
)4 
i9 
)1 
JO 
»6 






0.98 



8.33 
8.43 
3.62 
3.62 
8.72 
3.82 



7.62 
6.84 
6.27 
6.78 
6.88 
6.02 
4.70 
4.42 
4.18 



1.98 



*-7X^ 



2 Plates 



%\P^ 



] 

] 
] 

1 
] 
1 
1 

1 

1 

106.461 

100.87 

9€ 

92 

8£ 

8e 

8S 

8C 

7^ 

74 

7S 

7C 

6€ 

66.28 

64.46 

62.70 

61.06 

59.49 



SO in. 
I-Beams 

80 lbs. 
per Foot 



8.32 

7.66 
6.93 
6.89 
6.94 
6.66 
6.19 
4.89 
4.62 
4.37 
4.16 
3.96 
3.78 
8.61 
3.46 
3.32 
8.20 



2.31 
2.26 
2.19 
2.18 




0.03 
0.04 
0.04 
0.04 
0.06 
0.06 
0.06 
0.06 
0.06 
0.06 
0.07 
0.07 
0.07 
0.08 
0.08 
0.08 
0.09 
0.09 
0.09 
0.10 
0.10 
0.10 
0.11 
0.11 
0.11 
0.12 
0.12 
0.12 
0.18 
0.18 



Above values are based on maximum fiber stress of 15,000 lbs. per 
square inch ; }| in. rivet holes in both flanges deducted. Weights of 
girders correspond to lengths center to center of bearings. 
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BEAM BOX GIRDERS 

SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED 



1 '^l 1 ^^ 




'W^^^Z' flOln. 


'Wr-' S'<<^ ,Hi-I°- 


S Plates 


r • I-Beams 


2 Plates if ir tPeams 




1 65.0 lbs. 
1 per Foot 


18XK 


M' 


.U IDS. 

r Foot 


^ ^ 1 


K/ u 




i 


ill 


11 


ill 

t 


8 


1.78 


8.28 


0.06 


e 


1.91 


7.73 


0.06 


9 


2.04 


7.26 


0.06 


8 


2.17 


6.82 


0.06 


18 


2.29 


6.46 


0.07 


11 


2.42 


6.10 


0.07 


to 


2.66 


6.80 


0.08 


\2 


2.38 


6.68 


0.08 


n 


2.80 


6.27 


0.08 


)4 


2.93 


6.04 


0.09 


16 


3.06 


4.83 


0.09 


^2 


8.19 


4.64 


0.09 


.6 


3.31 


4.47 


0.10 


n 


3.44 


4.29 


0.10 


)9 


3.67 


4.14 


0.11 


\3 


3.69 




0.11 


)3 


8.82 


3.87 


0.11 


r3 


3.96 


3.74 


0.12 


r6 


4.08 


3.62 


0.12 


>3 


4.20 


8.63 


0.12 


ie 


4.33 


3.42 


0.13 


>o 


4.46 


8.31 


0.13 


t4 


4.69 


3.22 


0.14 


!2 


4.71 


8.14 


0.14 





4.84 


8.06 


0.14 





4.97 


2.98 


0.16 


9 


6.10 


2.90 


0.16 


19 


6.22 


2.83 


0.16 


m 


6.36 


2.76 


0.16 


>2 


6.48 


2.70 


0.16 


t6 


6.61 


2.64 


0.17 






►6 


6.73 


2.67 


0.17 



Above values are based on maximtim fiber stress of 16,000 lbs. per 
square inch ; |i in. rivet holes in both flanges deducted. Weights of 
girders correspond to lengths center to center of bearings. 
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EXPLANATION OF TABLES ON RIVETED 
PLATE GIRDERS 

Riveted girders are used where rolled beams are insufficient to 
carry the load. On page 47 of the lithograph plates will be found illus- 
trations of various forms of riveted girders. The sections with single 
webs are more economical than those with double webs, but the latter 
are stiffer laterally and should always be used where g^'eat length of 
span requires a wide top flange. If the girder is not held in position 
sideways, the proportion of length of span to width of flange should not 
exceed twenty without making provision for such increase by an addi> 
tion of metal in the compression flange beyond that required by the 
table. 

The web of the girder must be made of such thickness that there 
will be no tendency to buckle and that the vertical shearing stress i>er 
square inch will not exceed 10,000 lbs. This shearing stress is g^reatest 
near the supports and is obtained by dividing half the load upon the 
girder (provided the load is symmetrically applied) by the web section. 
The first condition (security against buckling) is attained when this 

12,000 
shearing stress does not exceed d* in which d represents the 

^"*" 8,000t« 
depth of girder out to out of flange angles and t the thickness of one web 
plate in inches. Ordinarily this formula gives a lower stress per square 
inch than 10,000 pounds, so that both conditions are usually attained 
when the first is. Instead of increasing the thickness of the web it may 
be stiffened by means of vertical angles riveted to it at proper intervals. 
These latter should always be less than the depth of the girder, at least 
near the ends, but toward the middle of the girder the stiffeners may be 
placed further apart or entirely omitted. Stiffeners should always be 
used at or near the supports and at any other point where there is a con- 
centration of heavy loads. The duty of these stiffeners in such cases is 
twofold ; first, to prevent buckling of the web ; second, to transmit the 
shear to the web by means of the abutting areas and the rivets, both of 
which must be sufficient for the purpose. 

The rivets generally should be ^ in. and the spacing in flanges ought 
not to exceed 6 in. and should be closer for heavy flanges ; but in all 
cases it should be close at the ends, bay 8 in. for a distance equal to the 
depth of the girder. Where loads are great esi>ecial calculation for rivet 
spacing should be made. 

The unsupported width of flange plates subjected to compression 
should not exceed 83 times their thickness, nor should the flange plates 
extend beyond the outer line of rivets more than 6 in., nor more than 
eight times their thickness. 

The term " flangre," as applied to the riveted girders, embraces all 
the metal in top or bottom of girder exclusive of web plate ; or, in the 
case of a rolled beam or channel with top and bottom plates, all the 
metal exclusive of that part of the web between fillets. 
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Girders intended to carry plastering should be limited in deptu trom 
out to out to ^ of the span length (^ in. per foot) ; otherwise the deflection 
is liable to cause the plastering to crack. 

The following pages, Nos. 169 to 163 inclusive, furnish a ready means 
of determining the sections of plate or box girders necessary to carry 
specified loads for spans varying from 20 to 40 feet, center to center of 
bearings. 

The " Safe Loads ** are given for the section shown and in columns 
headed "Increase in Safe Load" is given the increase in safe load fo» 
each ^ in. increase in thickness of flange plates. The flange plates may 
be altered in width and thickness, provided the section remains the 
same as that required in the table and the conditions in regard to 
unsupported width be fulfilled. 

EXAMPLE 

A 80 in. box girder is to carry a load of 80 tons over a clear span of 80 
feet. What section of girder is required? The span from center to 
center of bearings we will assume to be 81 feet 

In the table, page 161, the ssfe load for this span and for the girder 
shown is found to be 72.65 tons including weight of girder, which latter, 
according to the table, may be assumed at about 8.6 tons. The total load 
to be carried is, therefore, 88.6 tons. The increase in safe load for ^ in. 
increase in thickness of flange plate given in the table is 4.27 tons. The 
thickness of the flange plate is then obtained as follows : 88.6 tons— 72.65 
tons=10.85 tons. This-r4.27 tons is very nearly & Each flange plate 
therefore, must be increased by ^ in., making a total thickness of flange 
plate of x\ in. 

The section of the girder is then composed of two 80 X }^ in. web 
plates, two 16 X i^ in. flange plates (which could be made 18 X H 1^« o' 
5W X A 1^. etc.— see previous note) and four 3>^ X 85^ X M i»- flange angles. 

The shear in one web is o^'owoAv^ ,/ o*" 2,786 pounds per sqtiare inch which 
«X«XoO X >a 

12,000 

is also safe against buckling, since it is less than d' which, 

^"*" 8,000t« 
in this case, is 6,454 pounds. 
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PLATE GIRDERS 

SAPE LOADS IN TONS UNIFORMLY DISTRIBUTED 



ii 

I 



I- 



20 


91 


21 


81 


22 


SI 


28 


8: 


24 


7^ 


25 


7' 


26 


7J 


27 


6t 


28 


6( 


29 


6^ 


80 


65 


81 


6( 


82 


5{ 


83 


5( 


84 


51 


85 


55 


86 


55 


87 


5< 


88 


41 


89 


41 


40 


4( 



SJ ^^ ^"5 

d . X 




11 



105.82 
100.78 
96.20 
92.01 
88.18 
84.65 
81.89 
78.38 
75.58 
72.98 
70.55 
68.26 
66.14 
64.18 
62.24 
60.46 
58.79 
57.20 
55.70 
54.27 
52.90 






3 






X^ 



SSilP 



1.70 
1.7V 
1.84 
1.95 
2.02 
2.09 
2.17 
2.24 
2.81 
2.42 
2.49 
2.56 
2.64 
2.71 
2.78 
2.85 
2.96 
8.08 
8.11 
8.18 
8.25 



The above values are founded on the moments of inertia of the sections 
usiaar a maximum fiber stress of 15,000 lbs. per square inch; H in. rivet 
holes in both flang-es deducted. Weiffhts of arirders correspond to lenarths 
center to center of bearing-s and include rivet heads, stifFeners and fillers. 
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20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
80 
31 
32 
33 
34 
31 

87 
88 
39 
40 



PLATE GIRDERS 

SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED 






bo 

* 2 



s«s^^ 



It 



118.35 
112.70 
107.57 
102.90 
98.61 
94.66 
91.02 
87.65 
84.58 
81.61 
78.89 
76.84 
73.96 
71.72 
69.61 
67.62 
65.75 
63.97 
62.28 
60.69 
59.14 



1.77 
1.85 
1.92 
2.04 

2.r 

2.19 
2.26 
2.84 
2.41 
2.58 
2.60 
2.68 
2.75 
2.82 
2.89 
2.98 
8.09 
8.16 
3.24 
8.31 
8.89 




5.54 
5.28 
5.04 
4.82 
4.68 
4.44 
4.27 
4.11 
8.96 
8.82 
3.70 
8.58 
8.46 
8.86 
8.27 
8.17 
3.07 
2.99 
2.91 
2.85 
2.77 




.05 
.05 
.06 
.06 
.06 
.06 
.07 
.07 
.07 
.07 
.08 
.08 
.08 
.08 
.09 
.09 
.09 
.09 
.10 
.10 
.10 



2i 



176.01 

167.68 

160.02 

158.06 

146.68 

140.82 

135.39 

180.88 

125.73 

121.88 

117.85 

113.56 

110.01 

106.67 

103.55 

100.58 

97.78 

95.15 

92.64 

90.27 

88.00 



!S ^ 









2.72 

2.84 
2.95 
8.12 
8.24 
8.86 
8.48 
8.59 
8.71 
8.88 
4.00 
4.12 
4.23 
4.85 
4.47 
4.59 
4.76 
4.87 
4.99 
5.11 
5.23 




7.74 
7.37 
7.08 
6.78 
6.44 
6.18 
5.95 
5.78 
5.52 
5.34 
5.17 
4.98 
4.85 
4.70 
4.55 
4.42 
4.80 
4.18 
4.07 
8.97 
8.87 




•06 

.oa 
.or 
.or 

.07 
.07 
.08 
.08 
.08 
.09 
.09 
.09 
.10 
.10 
.10 
.10 
.11 
.11 
.11 
.12 
.12 



The above values are founded on the moments of inertia of the sections 
usinff a maximum fiber stress of 15,000 lbs. per square inch; H In. rivet 
holes in both flantres deducted. Weiarhts of g-irders correspond to lengths 
center to center of bearings and include rivet heads, stiffeners and fillers. 
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BOX GIRDERS 

SAP! LOADS IN TONS UNIFORMLY DISTRIBUTED 



I 



20 
21 
22 
:23 
•24 
^5 
26 
27 
28 
29 
^0 
:31 
32 
33 
34 
35 
36 
37 
88 
39 
40 



^ I .a 
^5 53 ^ftg* 

^ X X 

d d :*• 

^ •« CO 



It 



112.60 
107.24 
102.37 
97.92 
93.83 
90.08 
86.62 
83.41 
80.42 
77.65 
75.07 
72.65 
70.38 
68.24 
66.23 
64.34 
62.56 
60.87 
59.26 
57.74 
66.31 



P 



2.13 
2.23 
2.32 
2.45 
2.54 
2.64 
2.74 
2.83 
2.98 
8.06 
3.16 
3.25 
3.35 
3.50 
3.54 
8.64 
8.76 
3.86 
8.95 
4.05 
4.15 




6.61 
6.30 
6.00 
6.75 
5.52 
6.30 
6.09 
4.90 
4.73 
4.57 
4.41 
4.27 
4.13 
4.02 
3.90 
3.78 
3.67 
8.67 
8.48 
8.89 
3.80 




.07 
.07 
.08 
.08 
.08 
.09 
.09 
.09 
.10 
.10 
.10 
.11 
.11 
.11 
.12 
.12 
.12 
.18 
.18 
.13 
.14 



« .2 



:^5 



q « 
X 



x| 
x^ 



1 






150.2 


2.44 


9.17 


143.1 


2.55 


8.75 


136.5 


2.66 


8.38 


130.6 


2.80 


7.96 


125.2 


2.91 


7.64 


120.1 


3.03 


7.33 


115.5 


3.14 


7.06 


111.2 


3.25 


6.80 


107.3 


3.36 


6.54 


103.6 


8.50 


6.32 


100.2 


3.61 


6.10 


96.9 


3.72 


5.92 


93.9 


8.83 


5.73 


91.0 


3.95 


6.56 


88.4 


4.06 


5.39 


85.8 


4.17 


6.28 


83.4 


4.81 


5.09 


81.2 


4.41 


4.96 


79.0 


4.53 


4.82 


77.0 


4.65 


4.70 


76.1 


4.76 


4.68 






.09 
.09 
.09 
.10 
.10 
.11 
.11 
.12 
.12 
.12 
.13 
.13 
.14 
.14 
.14 
.16 
.16 
.16 
.16 
.17 
.17 



The above values are founded on the moments of inertia of the sections 
using a maximum fiber stress of 15,000 lbs. per square inch ; \l in. rivet 
holes in both flanges deducted. Weights of girders correspond to lengths 
center to center of bearings and include rivet heads, stiff eners and fillers. 
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BOX GIRDERS 

SAFE LOADS IN TONS UNIFORMLY DISTRIBUTED 



The above values are founded on the moments of inertia of the sections 
using a maximum fiber stress of 15,000 lbs. per square inch ; }i in. rivet 
holes in both fian^res deducted. Weights of girders correspond to lengths 
center to center of bearings and include rivet heads, stiff eners and fillers 
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I-BEAMS AS USED IN FOUNDATIONS 
METHOD OF CALCULATION 

The known quantities in this calculation are the load (L) 
on the column in tons, the allowable bearing capacity per 
square foot of ground in tons (b) and the projections p, p' 
p' in feet for the various tiers of beams. 

Figure the separate areas covered by the successive tiers 
of beams and divide the load on the column by these areas. 
The quotients will give their respective pressures b, b' b* 
per square foot. Assume any spacing in inches, generally 
greatest for the lowest tier of beams and about 9 in. for the 
top course. 

Find the corresponding figure for such spacing and pres- 
sure in the table and multiply it by the corresponding projec- 
tion. This product will give the modulus M. 

In the table of moduli find the beam corresponding to this 
product. 

For any other spacing or pressure than those given find M 

from the formula M ~ p i / ~ — . 
'^^ 12 

EXAMPLE 

Let L=588 tons ( Assume p=:8 ft. 6 in., p'=5 ft. 8 in., p'rs 

T 4. 1. o 4. -{ 1 ft. 9 m. 

Let b= 8 tons ^ ri^^^^ ^.^q ^^^^ ^^^ h''=24: tons. 

Use 15 in. spacing for lowest tier of beams 
'• 12 ** *• ** 2d *• •• ** 

Now using the above method of calculation we have for 
the respective tiers : 

8.5Xl.937=6.78=Modulus corresponding to 12 in. 31.5 lb. 
beam. 

5.25X2. 460=12. 86=Modulus corresponding to 20 in. 75 lb. 
beam. 

1.75x4.243=7.48=Modulus corresponding to 12 in. 40 lb. 
beam. 
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TABLES GIVING THE SIZE AND WEIGHT OF 

BEAMS FOR 8=9-12-16-18-24 INCHES, b=1 

TO 60 TONS PER SQUARE FOOT AND 

p=VARIABLE IN FEET 



ll 


^ 


1 


ll 


1. 


1 


n 


SPACING OF I-BliMS 


p 


9" 


12" 


15" 


18" 


24" 


24 


100 


16.263 


12 


50.00 


8.210 


1 


0.866 


1.000 


1.118 


1.225 


1.414 


24 


90 


15.772 


12 


40.00 


7.780 


2 
8 


1.225 
1.500 


1.414 
1.782 


1.681 
1.937 


1.782 
2.121 


2.000 
2.450 


84 


80 


15.281 


12 


85.00 


7.122 


4 


1.782 


2.000 


2.236 


2.45C 


2.829 


20 


100 


14.858 


12 


81.50 


6.925 


6 
6 


1.986 
2.121 


2.236 
2.450 


2.500 
2.789 


2.738 
8.000 


8.162 
3.464 


20 


90 


14.412 


10 


40.00 


6.605 


7 


2.291 


2.646 


2.958 


8.240 


8.742 


20 


80 


13.988 


10 


80.00 


5.982 


8 
9 


2.450 
2.598 


2.828 
8.000 


8.162 
8.354 


8.463 
8.674 


4.000 
4.243 


20 


75 


13.007 


10 


25.00 


5.706 


10 


2.788 


8.162 


8.586 


8.872 


4.472 


20 


65 


12.488 


9 


85.00 


5.755 


11 
12 


2.872 
8.000 


8.817 
8.464 


8.708 
8.878 


4.061 
4.242 


4.690 
4.899 


18 


70 


11.688 


9 


25.00 


5.220 


18 


8.122 


8.60e 


4.061 


4.415 


6.099 


18 


60 


11.168 


9 


21.00 


5.016 


14 
15 


8.240 
8.854 


8.742 
8.878 


4.184 
4.881 


4.582 
4.743 


5.292 
5.477 


18 


55 


10.857 


8 


25.50 


4.776 


16 


8.464 


4.OO0 


4.472 


4.898 


5.657 


15 


100 


12.653 


8 


20.60 


4.494 


17 
18 


8.571 
8.674 


4.128 
4.243 


4.610 
4.744 


5.050 
5.196 


5.881 
6.000 


15 


90 


13.259 


8 


18.00 


4.854 


19 


3.775 


4.359 


4.874 


5.338 


6.164 


15 


80 


11.892 


7 


20.00 


4.009 


20 
21 


3.873 
8.969 


4.472 
4.583 


5.000 
6.124 


5.477 
5.612 


6.325 
6.481 


15 


75 


11.085 


7 


15.00 


8.715 


22 


4.062 


4.690 


5.244 


5.744 


6.633 


15 


70 


10.862 


6 


17.25 


3 412 


28 


4.153 


4.796 


5.862 


6.873 


6.783 














24 


4.243 


4.899 


5.477 


6.000 


6.928 


lb 


60 


10.405 


6 


12.25 


8.112 


25 


4.330 


5.000 


5.591 


6.128 


7. on 


15 


55 


9,S32 


5 


14.75 


2.842 


30 


4.748 


5.4Tr 


6.124 


6.707 


7.746 


15 


60 


9.270 


5 


9.75 


2.539 


35 


5.124 


6.916 


6.615 


7.245 


8.366 














40 


5.477 


6.325 


7.071 


7.746 


8.945 


lb 


42 


8.881 


4 


10.50 


2.182 


45 


5.810 


6.708 


7.500 


8.215 


9.487 


12 


55 


8.445 


4 


7.50 


1.994 


50 


6.124 


7.071 


7.906 


8.660 


10.000 
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I-BEAMS USED IN WALL FOUNDATIONS 
METHOD OF CALCULATION 

Let L=Weight of wall per lineal foot in tons 
and b=Assumed bearing capacity of ground per square 
foot (usually from 1 to 8 tons) ; 

then -r--=W= Required width of foundation in feet 

w= Width of lowest course of footing-stones. 
p= Projection of beams beyond masonry in feet. 
s= Spacing of beams center to center in feet. 
Evidently the size of beams required will depend upon their 
strength as cantilevers of a length **p " sustaining the upward 
reaction, which may be regarded as a uniformly distributed load. 
Thus p b=uniformly distributed load (in tons) on canti- 
levers per lineal foot of wall 
and p b s=uniform load in tons on each beam. 

The table on the following page gives the safe lengths • * p " 
for the various sizes and weights of beams for s=l ft. and '* b " 
ranging from 1 to 5 tons per square foot. For other values of 
*'s," say 15 in. or IX ft., the table may be used by simply 
considering **b" increased in the same ratio as "s" (see 
example below). As regards the weight of beams, it is advan- 
tageous to assign to **s" as great a value as is warranted by 
the other considerations which obtain. 

EXAMPLE 

The weight of a brick wall together with the load it must 
support is 40 tons per lineal foot. The width of the lowest 
footing-course of masonry is 6 ft. Allowing a pressure of 2 
tons per square foot on the foundation, what size and length of 
I-beams 18 in. center to center will be required ? 

Answer—L,:=40, b=2, w=6. s=l>^. 

Therefore W=4(H-2=20 ft., the required length of beams. 
The projection •*p"=>^ (20-6)=7 feet. 

In order to apply the table (calculated for s~l ft.) we must 
consider •*b" increased in the same ratio as **s," /. ^., b= 
2 X 1>^=8 tons. 

In the column for 8 tons we find the length 7 ft. to agree 
with 20 in. I-beams 65.0 lbs. per foot. 
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TABLE GIVING SAFE LENGTHS OF PROJEC- 
TIONS "p" IN FEET (SEE ILLUSTRATION) 
FOR "8" = 1 FOOT AND VALUES OF "b" 
RANGING FROM 1 TO 6 TONS 



ii 


1^ 


b (T0H8 PHI SQUIM ?00T) 
























f 


1 


IVa 


IK 


2 


^K 


2K 


8 


^% 


4 


^% 


5 


u 


80.00 


15.281 


18.61 


12.48 


10.77 


10.16 


9.68 


8.79 


8.14 


7.62 


7.18 


6.81 


20 


80.00 


18.968 


12.60 


11.41 


9.89 


9.82 


8.84 


8.07 


7.47 


6.99 


6.59 


6.25 


20 
18 
15 


65.00 
55.00 
80.00 


12.488 
10.857 
11.892 


11.16 
9.71 
10.68 


10.20 
8.86 
9.71 


8.82 
7.68 
8.41 


8.88 
7.28 
7.98 


7.90 
6.87 
7.52 


7.21 
6.27 
6.86 


6.68 
5.80 
6.86 


6.24 
5.43 
6.95 


6.89 
5.12 
5.61 


6.68 
4.86 
5.82 


15 


60.00 


10.405 


9.80 


8.49 


7.86 


6.94 


6.58 


6.01 


5.66 


6.20 


4.90 


4.66 


15 


42.00 


8.861 


7.92 


7.28 


6.27 


5.91 


6.60 


5.12 


4.74 


4.48 


4.18 


8.96 


12 
12 
10 


40.00 
81.50 
25.00 


7.780 
6.925 
6.706 


6.91 
6.19 
5.10 


6.81 
6.65 
4.66 


5.47 
4.90 
4.08 


5.15 
4.55 
8.80 


4.89 
4.38 
8.61 


4.46 
4.00 
8.29 


4.18 
8.70 
8.05 


8.87 
8.46 
2.86 


8.64 

8.26 
2.69 


8.46 

8.10 
2.66 


9 

8 
7 


21.00 
18.00 
15.00 


5.016 
4.854 
8.716 


4.48 
8.89 
8.82 


4.09 
8.55 
8.08 


8.55 
8.08 
2.68 


8.84 

2.90 
2.48 


8.17 
2.75 
2.86 


2.90 
2.51 
2.14 


2.68 
2.88 
1.98 


2.61 
2.18 
1.86 


2.86 
2.05 
1.75 


2.24 

1.95 
1.66 


6 
5 

4 


12.25 
9.75 
7.50 


8.112 
2.589 
1.994 


2.78 
2.27 
1.78 


2.54 

2.07 
1.68 


2.20 
1.80 
1.41 


2.07 
1.69 
1.S3 


1.97 
1.61 
1.26 


1.80 
1.47 
1.15 


1.66 
1.36 
1.07 


1.56 
1.27 
1.00 


1.47 
1.20 
0.94 


1.89 
1.14 
0.89 



The size of beam for any other pressure is found by multiplying: the 
projection by the square root of the assumed pressure and finding the 
beam having a projection corresponding to this product under the one 
ton column. 
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BUCKLED PLATES 

A new form of buckled plate, made in long lengths with 
^veral buckles to the plate, is shown on opposite page. In 
this form the plate is usually supported at the two long edges 
only. 

Buckled plates are used for the floors of fireproof buildings 
and bridges. They are usually covered with concrete or 
asphalt and stone paving, etc. They are generally made in 
length and width from 8 ft. to 4 ft. 6 in., and in thicknesses 
of X to ^ in. ; they are very strong, as indicated by the fol- 
lowing table. In order to allow for some deterioration by 
corrosion they are, however, rarely made thinner than X ^^*t 
while ^^ in. is a usual thickness tor bridge floors. 

There has not yet been a reliable formula devised from 
which the strength of buckled plates can be figured, but from 
experiments on plates 8 ft. square, arched 2 in. and well bolted 
down on all sides, the following table of quiescent safe loads 
uniformly distributed has been deduced. 



Thiokne88 
Inches 


Approxinuite Wekht 

of One Plate 

Pounds 


Safe Load (One-fourth of 

Ijltimate Load) 

Pounds 


Per Square Foot 
Pounds 


H 
H 


93.0 
116.5 
139.5 


10080 
13888 
20160 


1120 
1544 
2240 



The resistance of buckled plates bolted or riveted down 
all around is double the resistance of the same plates merely 
supported all around, and if the two opposite sides are unsup- 
ported, the resistance is reduced in the proportion of 8 to 6. 
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DIMENSIONS OF 


STANDARD BUCKLED 


PLATES 


(Not manufactured by Carnegie Steel Company) 






^ 


SimofBnokle 


•s 


Radii of 


•s-ss 


Widths of FUmgae 


Mo. of Connection 


a* 




Buckle = R 


III 


andPiUets 


Holes per Buckle 




SideL 
ft. in. 


Side¥ 
ft. in. 


PorL 
ft. in. 


PorV 
ft. in. 


llandia 


Fillets 
12 


Side Pigs 
W14W2 


PorL 


PorW 


1 


8 11 


4 6 


8^ 


6 8f^ 


8 m 


Ito 7 








8 


9 


2 


4 6 


8 11 


8^ 


8 9% 


6 8fg 


Ito 6 


^S 




& 


9 


8 


8 


8 11 


8 6 


8 


7 ^% 


6 8 


Ito 7 


^.o 


& 


II 


8 


7 


4 


8 6 


8 11 


8 


6 8 


7 95^ 


Ito 8 


II o 


II 


s 


7 


8 


5 


8 Q 


8 9 


8 


7 1% 


7 1% 


Ito 8 


grt 


§ 


8 


8 


6 


8 1 


8 9 


8 


Vl^ 


7 1% 


Ito 9 


S-d 


6 


£ 


3 


7 


8 


7 


8 9 


8 1 


8 


4 10fg 


Ito 8 


.§^ 


pd 


8 


7 


8 


8 8 


8 8 


2 


10 2 


10 2 


Ito 8 


V 


Sr!^ 


g 







8 


8 


9 


2 8 


8 8 


2 


5 5 


10 2 


Ito 10 




•hm 


^ 


CU^ 




6 


8 


10 


8 8 


2 8 


2 


10 2 


5 5 


Ito 8 


^ 'Z 




^ 


.i<1 


"* 


8 


6 


11 


2 2 


8 8 


2 


8 7J< 


10 2 


Ito 10 


M 


«la 




Tl 




T1 


5 


8 


12 


8 8 


2 2 


2 


10 2 


8 7K 


Ito 8 


'^ 


H 










8 


5 


18 


8 


8 


2 


6 10 


6 10 


Ito 9 


uj 




o 


4> 

1 




6 


6 


14 


2 9 


2 9 


8 


8 10?^ 


8 10% 


Ito 10 


4) 


J*'^ 




M 


X 


6 


6 


19 


2 6 


2 9 


2V? 


8 105^ 


4 7% 


Ito 10 


4 


S^ 




5 


a 




5 


6 


20 


2 9 


2 6 


2^^ 


4 77/„ 


8 105^ 


Ito 10 


H 


: 




>, 


^ 


6 


5 


21 


2 6 


2 6 


2V? 


8 10K 


8 10% 


Ito 10 


>^ 




o 


3 

03 


■^ 


5 


5 


22 


8 5 


8 6 


3 


5 11^ 


6 3 


Ito 8 


n 


f.li 




a 


Q 


7 


7 


28 


8 6 


8 5 


8 


6 8 


5 11^ 


Ito 8 


5 


."'H, 






Ih 




7 


7 


24 


8 6 


8 9 


8 


6 8 


7 1% 


Ito 8 


o 


& ^' 




S 




« 


7 


8 


25 


8 9 


8 6 


8 


7 1% 


6 8 


Ito 8 


o> 


;^.S 




ffl 


i: 


n 


8 


7 


26 


8 2 


8 1 


8 


5 m 


4 10^ 

5 111 


Ito 9 


M 


a-^ 


& 


t 


1 




7 


7 


27 


8 1 


8 2 


8 


4 10f^ 


Ito 9 


^h^& 








7 


7 


28 


8 


8 1 


8 


4 7J^ 


4 10^ 
4 7K 


Ito 9 


1 +^ 


B 


s 

3 


6 


7 


29 


8 1 


8 


8 


4 lOfi 
8 lOJ^ 


Ito 9 


Sfe 


^ 


7 


6 


3() 


2 6 


2 


3V^ 


2 ex's 


Ito 10 


SS) 


fi 


a 


5 


4 


81 


2 


2 6 


2V^ 


2 6i^B 
13 l|i 


8 lOK 


Ito 15 


.§§ 


d 


f3 


4 


5 


82 


5 6 


8 6 


8V^ 


5 4K 


Ito 5 


0"^ 


>{ 


s 


11 


7 


H8 


8 6 


5 6 


8^ 


5 43^ 


13 Ig^ 


lonly 
Ito 7 


i§5^ 




7 


11 


84 


4 


4 


8 


8 iy2 


8 lyo 






8 





Letters L, 1 1, 1 2 and 1 3 refer to dimensions in length of plate. 

Letters W, W 1 and W2 refer to dimensions in width of plate. 

The line between buckle and flange or fillet is not sharply defined on plates. 

Plates are made of steel and may oe either %, 5-16 or % in. thick. 

If plates of greater length than given in the table are required, they may be made by 
splicing with bars, angles or tees. 

Connection holes are made either for ^ or ^ in. diameter bolts or rivets, but all 
holes in plate must be same size, as holes of different diameters in the same plate will 
increase the cost of the plate. 

Buckles of different lengths (L) and widths (W) may be used in the same plate, but 
that will increase the cost of the plate. Buckles of other dimensions than given in this 
table may be made, but the making of new dies will be at an additional cost. 
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TROUGH-PLATE FLOORING 

The trough and corrugated plate sections shown on page 24 are used 
Cor floors of bridges and fireproof buildings, as shown in Fig. 6, page 48. 

The following tables give weights per lineal foot of each rolled 
section and per square foot of floor surface for thicknesses varying by 
i^ in. ; also the section modulus for one foot in width and the safe loads 
per square foot for spans of different lengths, using fibre stresses of 
12,000 and 10,000 lbs. 




_^....J1» 8-"—— >i* 



PROPERTIES OF TROUGH SECTION 



Section index 

Thickness of base .... 
Weight per lineal foot . 
Weight per square foot 
Section Modulus for 1 ft. in width 



M 10 

lO 

25.00 

11.56 



Mil 

18^0 
28.15 
18.06 



M12 

S 

81.81 
14.57 



M13 

84.48 
16.12 



M14 



87.74 

17.67 



SAFE LOADS IN POUNDS PER SQUARE FOOT OF 
FLOOR FOR SPANS OF DIFFERENT LENGTHS 



1 


MIO 


Mil 


M12 


M18 


M14 


.s 

1 


\T 


V 


V 


10,000 
lbs. 


V 


T 


12.000 
lbs. 


T 


12,000 
lbs. 


r 


5 


8699 


8088 


4179 


8488 


4662 


8885 


5158 


4298 


5654 


4712 


6 


2569 


2141 


2902 


2418 


8288 


2698 


8582 


2985 


8927 


8272 


7 


1887 


1578 


2182 


1777 


2879 


1988 


2632 


2193 


2885 


2404 


8 


1445 


1204 


1688 


1861 


1821 


1517 


2015 


1679 


2209 


1841 


9 


1142 


952 


1290 


1075 


1489 


1199 


1592 


1327 


1745 


1454 


10 


925 


771 


1045 


871 


1166 


972 


1200 


1075 


1414 


1178 


11 


764 


637 


864 


720 


968 


808 


1066 


888 


1168 


978 


12 


642 


685 


726 


605 


809 


674 


896 


747 


982 


818 


18 


547 


456 


618 


515 


690 


575 


768 


686 


886 


697 


14 


472 


898 


688 


444 


595 


496 


658 


548 


721 


601 


15 


411 


848 


464 


887 


518 


432 


578 


478 


628 


528 


16 


861 


801 


406 


840 


455 


879 


504 


420 


552 


460 



Safe loads given include weight of section. 
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CORRUGATED PLATE FLOORING 



-8X-- -K- 



M 80 

I I I" 



=^%^k?^^ 



— A. 12?!i^ 



PROPERTIES OF CORRUGATED PLATE 



Section index 

Thickness of metal 

Weight per lineal foot . . 

Weight per square foot . . 

Section Modulus for 1 ft. In 

width 



M80 

11.06 
1.10 



M81 

18.78 
1.55 



M82 

16.50 
1.95 



M88 

ir;75 

17.47 
8.28 



M84 

90.89 
8.84 



M85 



28.87 
28.80 



4.89 



SAFE LOADS IN POUNDS PER SQUARE FOOT OF FLOOR 



Kt 


M80 


M81 


M32 


12,000 lbs. 


10,000 lbs. 


12>000 lbs. 


10,000 lbs. 


12,000 ibd. 


10,000 lbs. 


5 


852 


298 


496 


418 


624 


620 


6 


244 


208 


845 


287 


488 


861 


7 


180 


150 


258 


211 


818 


265 


8 


188 


115 


194 


162 


244 


208 


9 


109 


91 


158 


128 


198 


161 


10 


88 


78 


124 


108 


156 


180 


11 


78 


61 


108 


86 


129 


108 


12 


61 


61 


86 


72 


106 


90 


18 


62 


48 


78 


61 


92 


77 


14 


45 


88 


68 


68 


60 


67 


16 


89 


88 


66 


46 


69 


6^ 


16 


85 


29 


49 


41 


61 


51 




M88 


M84 


M85 


q^lA 








Teet 


12;000 1b8. 


10,000 lbs. 


12;000 lbs. 


10,000 lbs. 


12^000 lbs. 


10,000 lbs. 


6 


1049 


874 


1228 


1023 


1404 


1170 


6 


728 


607 


858 


71t 


975 


818 


7 


686 


446 


627 


528 


717 


598 


8 


410 


842 


480 


400 


549 


158 


9 


824 


270 


879 


816 


488 


861 


10 


262 


218 


807 


256 


851 


293 


11 


217 


181 


254 


212 


290 


242 


12 


182 


162 


218 


178 


244 


208 


18 


166 


129 


182 


152 


208 


178 


14 


184 


112 


157 


181 


179 


149 


16 


117 


96 


136 


118 


156 


180 


16 


108 


86 


120 


100 


187 


114 



Safe loads given include weight of section. 

Weight per square foot given does not include weight of splice platiw 
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CORRUGATED AND GALVANIZED 
SHEETS 

Corrugated sheets are tised for roofs and sides of buildings. 
They are usually laid directly upon the purlins in roofs and 
held in place by means of clips of hoop iron, which encircle 
the purlin and are placed in distances of about 13 in. apart 
Special care must be taken that the projecting edges of the 
corrugated sheets at the eaves and gable ends of the roof are 
well secured, otherwise the wind will loosen the sheets and 
fold them up. 

The corrugations are made of various sizes; the smaller 
present a more pleasing appearance to the eye, while the larger 
are stiffer and will span a greater distance, thereby permitting 
the purlins to be placed further apart. The sizes of sheets 
generally used for both roofing and siding are Nos. 20 and 
22, B. W. G. 

By one corrugation is meant the double curve between 
corresponding points, and by depth of corrugation the greatest 
deviation from the straight line measured between the concave 
surfaces of the corrugated sheet. 

The corrugations are 2.425 in. long measured on the 
straight line; they require a length of sheet of 2.725 in. to 
make one corrugation, and the depth of corrugation is f J in. 
One corrugation is allowed for lap in the width of the sheet 
and 6 in. in the length for the usual pitch of roof of two to one. 
Sheets can be corrugated of any length not exceeding 10 ft. 
The most advantageous width is S0J4 in. which (allowing 
}i in. for irregularities) will make 11 corrugations=80 in., or 
making allowance for laps will cover 24X in* of the surface of 
the roof. 

By actual trial it is found that corrugated sheet No. 20 
spanning 6 ft. will beg^n to g^ve a permanent deflection for a 
load of 30 lbs. per square foot, and that it will collapse with a 
load of 60 lbs. per square foot. The distance between centers 
of purlins should therefore not exceed 6 ft. and preferably be 
less than this. 
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CORRUGATED SHEETS 

(Not manufactured by Carnes^e Steel Company) 

The following table is calculated for sheets 80^ in. wide 
hefore corrugating. 



16 

18 
ao 

8S 
84 
86 



.066 
.049 
.086 



.088 
.018 






8.61 
1.97 
1.40 
1.18 
.88 
.78 



8.88 
8.48 
1.76 
1.41 
1.11 
.91 



▼eight par Savan of 100 Sqnan Fe«4 
wh«n £ud, allomag 6 in. Lap in Length 
and 2^ in. or one Oomuntion in Width 
of Sheet for Sheet Length of: 



875 
196 
156 
188 
101 



870 
198 
164 
181 
99 



858 

867 
190 
168 
119 
97 



864 
188 
160 
118 
97 



848 
868 
186 
149 
117 
96 



ICK 



846 
861 
185 
148 
117 
96 






8.95 
8.81 
1.74 
1.46 
1.88 
1.06 



Note— For weights per square laid with one and one-half lap add to 
above 6 per cent. For weights per square laid with two laps add tc 
above 10 per cent. 

TRANSVERSE STRENGTH 




1 ii Unsupported length of sheet in inches. 

t = Thickness of sheet in inches, 
b = Width of sheet in inches, 
d = Depth of corrugations in inches. 
W = Breaking weight distributed in tons. 
w = Breaking weight distributed in pounds. 

49.96 t. b. d. 



W = - 



1 
99900 t b. d. 
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NOTES ON ROOFS AND LOADS FOR SAME 

ANGLES OP ROOFS AS COMMONLY USED 



ofBiM 
toSptt 


ingl. 


Length of 
RtftertoBiM 


(oSpui 


ingle 


Length of 


%. 


Xin. 


D<«. 


Xin. 


KaftertoKise 




45 
88 

80 


41 


1.4148 
1.8088 
2.0000 


1 


86 
81 
18 


84 

48 
86 


8.8861 
8.6986 
8.1688 



APPROXIMATE LOADS PER SQUARE FOOT FOR ROOFS 

OF SPANS UNDER 76 FEET, INCLUDING 

WEIGHT OF TRUSS 

Roof covered with corrugated sheets, tinboarded .... 8 lbs. 
Roof covered with corrugated sheets, on boards 11 '* 

Roof covered with slate, on laths 18 ** 

Same, on boards 1J< in. thick 16 " 

Roof covered with shingles, on laths 10 *• 

Add to above, if plastered below rafters 10 '* 

Snow, light, weighs jjer cubic foot 5 to 18 ** 

For spans over 76 ft add 4 lbs. to the above loads per square foot. 

It is customary to add 80 lbs. per square foot to the above for snow 
and wind when separate calculations are not made. 



PRESSURE OF WIND ON ROOFS (Unwin) 

a = Angle of surface of roof with direction of wind. 

P= Force of wind in pounds per square foot. 

A= Pressure normal to surface of roof=F Sin. aiw Cob. »-i. 

B=Pres8ure peri>endicular to direction of wind=F Cot. a Sin. ai«* Cot. a. 

C= Pressure parallel to direction of wind=F Sin. a imco«. •. 



Angleof roof =a 


60 


lOo 


80O 


80O 


400 


50O 


60O 


70O 


80O 


90O 


A=FX 


.185 


.84 


.45 


.66 


.88 


.95 


1.00 


1.08 


1.01 


1.00 


B=FX 


.188 


.84 


.48 


.57 


.64 


.61 


.60 


.85 


.17 


.00 


C = PX 


.01 


.04 


.15 


.88 


.58 


.78 


.85 


.96 


.99 


1.00 
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ROOF TRUSSES 


TABLES FOR FINDING STRESSES IN MEMBERS FOR ROOF TRUSSH 


OF THE DIFFERENT TYPES AND PITCHES AS GIVEN 


BELOW AND OF ANY SPAN 


Rule — To find the stress in any member, multiply the 


coefl&cient given for that member by total dead load carried 


by truss (—span in feet X distance between russes in feet X 


weight per square foot). If the truss is acted upon by wind 


forces or other unsymmetrical loading, the stresses in the 


members must be calculated accordingly and combined with 


the dead load stresses as found below. 


H«mber 


Piteh (Dep;^ to Spu) 


Note— Heavy lines 


of Truss 










denote compression 




H 


80O 


y4 


i 


and light lines tension 
members. Loads are 
considered as concen- 


Fig., 










.676 


.760 


.838 


1.010 


trated at the joints. 


Bb 


.687 


.686 


.726 


.917 




Ca 


.608 


.660 


.750 


.988 


FIQ. 1 g ^^ 


Cc 


.876 


.488 


.500 


.626 




ab 


.906 


.217 


.224 


.282 


^/^ / 


be 


.188 


.217 


.260 


.818 


A/^"/ 


Pi>3 


.760 




nn£\ 


1.120 




A a 




ooo 




vau 




Bb 


.689 




666 




767 


.928 


c 


Cc 


.668 




666 




788 


.995 




Da 


.686 




721 




888 


1.042 




Dd 


.876 




488 




600 


.626 




ab 


.166 




167 




180 


.208 


CIA A QX^ 


be 


.166 




167 




180 


.202 


FIQ. 2 ^y^ / 


cd 


.860 




288 




888 


.417 


3^ 


c/ 


Pig. 8 










Ky<^ 


/' 


A 


.788 


.874 


.978 


1.178 


^^•^\ 


/ 


Bb 


.718 


.812 


.922 


1.181 


D 


Cc 


.649 


.760 


.866 


1.066 


Dd 


.680 


.687 


.810 


1.088 




Ea 


.666 


.768 


.876 


1.094 




Ef 


.568 


.660 


.760 


.988 


D ^ 


Ee 


.876 


.488 


.600 


.626 


FIQ. 3 « ^<r/ 


ab 


.104 


.108 


.112 


.116 


Qx\ / 


bf 


.098 


.106 


.126 


.166 


.j<^^ v/ 


tg 


.808 


.216 


.224 


.282 


X^'V' 


gc 


.096 


.106 


.126 


.166 


?d 
11 


.104 
.187 


.217 


.112 
.260 


.116 
.818 




£ 


.280 


.826 


.875 


469 
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STANDARD CAST IRON SEPARATORS FOR 
I-BEAMS 




Separators for 18,20 and 24 in. beams are made of % in. metal. 
Separators for 6 to IS in. beams are made of ^ in. metal. 
Separators for 5 in. beams and under are made of ^in. metal. 

SEPARATORS WITH TWO BOLTS 







SEPARATORS 


WITH ONE BOLT 






B 8 


12 


40.0 


115< 


6 


^ 




7^ 


1.49 


.125 


10 


1.50 


B 9 


12 


81.5 


10% 


i^ 


3/ 




7K 


1.46 


.125 


10 


1.50 


Bll 


10 


25.0 


105^ 


1 




6^ 


1.40 


.125 


8 


1.25 


B18 


9 


21.0 


8§ 


6 




1.84 


.125 


7 


1.20 


B15 


8 


18.0 


45^ 




5^ 


1.28 


.125 


6 


1.00 


B17 


7 


16.0 


7% 


^Va 


1 




6^ 


1.25 


.126 


4 


.75 


B19 


6 


12.25 


7A 


4 




6K 


1.22 


.125 


4 


.60 


B21 


6 


9.75 


Q% 


8^ 




4]^ 


1.16 


.125 


8 


.50 


B2S 


4 


7.60 


m 


85< 




1.18 


.125 


8 


.40 


B77 


8 


6.50 


6A 


8 


H 




45^ 


0.70 


.09 


2 


.25 
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STANDARD WALL ANCHORS FOR BEAMS AND 
CHANNELS 



■»!2 



r"'n 



iihii^ 



"»-^i 



''**^i}?" 



"••v^^.;^ 



^ 



®= 



NO. 4 



NO. 3 



NO. 2 



NO. I 




^Z^^ 



N0.7 



NO. 8 



i 



1.-1.- 



NO. 6 



-o 










■ 


NO. 5^^ 




^^ 



•si 



•ss 






3 to 9 

10 to 24 



3 to 6 

6 to 10 

12 to 24 



8 to 6 
6 to 10 

12 to 24 



•I 6-2 



r4 

3 X^ 



6X4X^ 
6X6X?^ 
6X6XM 



11 



16 
18 



6 
6 

12 



3 






2K 
2K 



6 
8 

11 



^1 
«5 



6 






8 to 6 

etoio 

10to24 



8 to 9 
10to24 



I&.S 



^ 



12 
12 
16 



16 
18 



if 



2 

2J< 



All weights and dimensions 
marked V are variable, as are also 
other figfures where not given. 



All material for anchors steel, except Nos. 7 and 8, parts of which 
may be cast or malleable iron. All anchors are shipped loose and 
riveted or bolted to beams in the field ; and in order to avoid two size 
holes in the same piece anchors should be so selected that holes for them 
and their connections may be ii in. The weights given above include 
the bolts or rivets for field connections. 

Anchors Nos. 1, 2, 8, 4 and 6 are common in building construction ; 
the split anchor bolts No. 6^ with or without wedges, are mostly used for 
bridge work and columh foundations ; the washer for No. 7 on outside 
of wall mav be either a cast iron star or a steel plate ; expansion bolts 
No. 8 are oz use in repair work to fasten channels, etc., to brick walls. 
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CARNEGIE STANDARDS 



I 



>Lk^ 1 - —UWM 



h 






it 

n 



n 



H 



a 



H 



h 



I 



24 



20 



18 



16 



100.0 
95.0 
90.0 
85.0 
80.0 

100. 
95.0 
90.0 
85.0 
80.0 
75.0 
70.0 
65.0 

70.0 
65.0 
60.0 
55.0 

100.0 
95.0 
90.0 
85.0 
80.0 
75.0 
70.0 
65.0 
60.0 
55.0 
50.0 
45.0 
42.0 






8 



4 
4 
4 
4 
4 

4 
4 
4 

4 
4 
8^ 

8'A 
8^ 

8X 
8X 
»H 
3X 

8|< 
8%' 

8j«: 

S^ 
8X 

8X 

8 

8 

8 

8 



30^ 
20|< 
20^ 
20^ 
20^ 

16>^ 

16^ 
16>^ 

17 
17 
17 

16X 
15X 
15X 
15X 

11 

11 

11 

11 

11 

11^ 

11^ 

11^ 
12K 
12^ 
12>^ 
12>i 



1^ 
1^ 
1^ 
1^ 
l|i 

iM 

1^ 
1^ 
1^ 
1^ 
IK 
l>i^ 
l>i 

1^ 
1^ 

m 

2 

2 
2 
2 
2 

iH 
IH 
m 
1^ 
IX 
IX 

IX 



16 



16 



16 



I 
I 
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to oi 



U3 



X 
X 
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CARNEGIE STANDARDS 



*-!§II 



f 



MJ 



dl-Kofweb+Vie'' 



STilBiU) FRiUIG 



11 



Pi 



24" 



2-Ls4'x4'x/,'xr-6' 
Wt.481b8. 




Wt86Ib8. 



16" 



5^ 



6 
5 



6^ 
6>< 



Wt. 81 fb& 






100.0 
95.0 
90.0 
85.0 
80.0 

100.0 
95.0 
90.0 
85.0 
80.0 
75.0 
70.0 
65.0 

70.0 
65.0 
60.0 
55.0 

100.0 
95.0 
90.0 
85.0 
80.0 
75.0 
70.0 
65.0 
60.0 
55.0 
60.0 
45.0 
42.0 
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CARNEGIE STANDARDS 



Q 



^1 



15 



8 

a 



Ira 



•II 



^8 



r' 



12 



lO 



8 



6 



66.0 
60.0 
46.0 
40.0 
86.0 
81.6 

40.0 
86.0 
80.0 
26.0 

86.0 
30.0 
26.0 
21.0 

26.6 
28.0 
20.6 

18.0 

20.0 
17.5 
16.0 

17.25 
14.76 
12.26 

14.76 

12.26 

9.76 



2H 
2H 
2H 
2H 

2% 
2}i 
2yi 

2X 
2X 

2X 
2X 
2X 

2 
2 
2 

IX 

IX 
IX 



9X 
9X 
9X 
9X 
9X 
9X 

8 
8 
8 
8 

7 
7 
7 
7 

6X 

ex 

6X 

6X 

5X 
5X 
5X 

4>^ 
4>^ 

8>^ 
8>^ 



VA 

1 

1 

1 
1 

1 
1 

1 
1 

H 
H 

n 

H 
% 
H 

X 
X 

K 



H 

I 



12 



8 



8 



8 



8 



6 



6 



% 






00 «S 

xS 

X 



X5 
X 



y Google 



CARNEGIE STEEL COMPANY 



180 



CARNEGIE STANDARDS 






Jo O 



CjMiofweb^; 



SUIDASB nUlilHG 



Hi 



12' 






r*jR 



-74 



«-L8«'x4'x A' X 0'— 7H* 

Wt.281b8. 



2^" 




«-Ls8'x4'xA'xO'— 5- 
Wt. leiba. 







a— Ls 6' X 4' X A' X C— 8" for 6' 

Wt 9 lbs. 

2-L8 6* X 4" X /,• X (K— 2}^' for 6' 

Wt.81b8. 



>4 

ft 



A 



A 

A 



55.0 
50.0 
45.0 
40.0 
85.0 
81.5 

40.0 
85.0 
80.0 
25.0 

85.0 
80.0 
25.0 
21.0 

25.5 
28.0 
20.5 
18.0 

20.0 
17.5 
15.0 

17.25 
14.75 
12.25 

14.75 

12.25 

9.75 



12 



lO 



8 



6 
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r 


h 


fi 


H 


H 


a 


11 


H 


^1 


1' 


1 




10.6 


2H 


H 


i>i 


ai*' 


^ 


A 


}i 






4 


9.6 

8.5 






1^ 


2|iC 


H 
H 


A 
A 




a 


1 

M 




7.5 


m 


A 


t}i 


2^ 


H 


A 


% 








7.5 


m 


H 


l-h 


t^ 


H 


X 


H 




X 
X 


8 


6.6 


m 


« 


lA 


iH 


H 


}< 


H 


6 


<D 




6.6 


m 


H 


lA 


iH 


H 


% 


^ 







When beams frame opposite each other into another beam with web 
thickness less than A in., or where beams of short span length are loaded 
to their full capacity, it may be necessary to use framing angles of 
greater strength than the standards. 

TABLE FOR MINIMUM SPAN LENGTHS 



ii 


1 


11 


ij 


1 


!^ 


u 


1 


jj 


24 


80.0 


22.0 


.... 


.... 


.... 


15 


80.0 


20.0 


20 


80.0 


22.0 


18 


55.0 


14.6 


15 


60.0 


16.6 


20 


65.0 


18.0 


.... 


.... 


.... 


16 


42.0 


11.0 
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,mzifi 



's^ 



T^ 



mn 



,Si!^~~---tA 





STlHSiRD rRiVTHG 


II 


ii 


51 

if 


!> 






5A 


A 


10.5 






4" and 8" 


BH 


is<: 


9.6 


4 




2W^2H" 


6X 
6X 


A 
A 

A 


8.5 

7.6 

7.6 
6.6 






HZ] 


3? 1 






WtTlbg. 


8 






5A 


A 


6.6 





All rivets in standard framins^ angles are |^ in. diameter. 
Weisrhts of standard framins^ angles include weight of shop and 
field riyets. 



TABLE FOR MINIMUM SPAN LENGTHS 



13 


1 


js 


u 


1 


II 


II 


1 


II 


n 


t 


n 











. . . . 


. . . . 


8 


18.0 


5.5 


5 


9,75 


4.0 


12 


40.0 


11.5 


10 


25.0 


9.5 


7 


15.0 


4.0 


4 


7.5 


8.0 


12 


81.5 


9.0 


9 21.0 


7.0 


6 


12.25 


6.5 


8 


5.5 


2.0 
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16 



12 



10 



8 



rs 



55.00 
50.00 
45.00 
40.00 
35.00 
88.00 

40.00 
85.00 
30.00 
25.00 
20.50 

35.00 
30.00 
25.00 
20.00 
15.00 

25.00 
20.00 
15.00 
18.25 

21.25 
18.75 
16.25 
18.75 
11.25 



n 



H 



H 



2X 

2X 
2X 
IH 

iH 
IH 

2 
2 
2 

IX 

IX 

2 
2 
2 

li 

IK 

IK 
IK 

If 



12X 
13X 
13X 
12X 
13X 
13X 

10 
10 
10 
10 
10 

8y 
8X 
8X 
8X 
SX 

7X 

7X 
7X 
7X 

6X 

6is<: 

6X 
6X 
6X 



1^ 
1>« 

1 
1 
I 
1 

1 

H 
H 
H 

H 

% 

H 

H 






I 



^ 
^ 
?< 



11 
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^:| 



2H" 
'2H" 



This leg punched same as 
6 ''leg of standards 



tf 



¥M. 



2H" 



CkUweb+V 



STiNDiBS rRiMING 



1^1 



lU'iyi" 



16" 

2Ls 
6-x4'xA' 

Wt. 31 lbs. 






■"Tow7"'■t~t■■■2 



:?r 



la 



■ KMIj 



a-Ls 6'x4'x A'x O'-TJ^' 
Wt. 28 lbs. 



8 ". 9 " and 10" 






S-Lse'x4'xA'xO'- 
Wt. 16 lbs. 



8 



8X 
8>^ 
8 









i 



8 



55.00 
50.00 
45.00 
40.00 
85.00 
88.00 

40.00 
35.00 
80.00 
25.00 
20.50 

35.00 
80.00 
25.00 
20.00 
15.00 

25.00 
20.00 
15.00 
18.25 

21.26 
18.75 
16.25 
18.76 
11.25 
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I 




i' 


51 


11 


H 


B 


** « 


a 


U 


1^ 




19.75 


m 


H 


i>^ 


5>i 


X 


H 


^ 




17.35 


m 


H 


1^ 


6^ 


X 


H 


/i 


7 


14.75 


m 


« 


IX 


6>^ 


X 


a 


^ 




12.25 


m 


A 


IX 


5H 


X 


u 


^ 




9.75 


3A 


« 


IX 


5H 


■H 


a 


^ 




15.50 


2A 


A 


1?^ 


4X 


X 


a 


H 




18.00 


2A 


A 


1^ 


4>^ 


X 


H 


H 


6 


10.50 


3A 


A 


1>^ 


4>^ 


X 


H 


H 




8.00 


m 


H 


l}i 


i}4 


X 


H 


H 




11.50 


3A 


H 


IX 


8X 


H 


A 


% 


6 


9.00 


m 


H 


IX 


8X 


H 


A 


^ 




6.50 


IX 


A 


1 


8X 


H 


A 


>^ 




7.25 


m 


H 


1 


3X 


H 


A 


X 


4 


6.25 


m 


H 


1 


2X 


H 


A 


^ 




5.25 


m 


A 


1 


2X 


>i 


A 


^ 




6.00 


m 


?i 


if 


IX 


H 


X 


^ 


3 


5.00 


i}i 


H 


H 


IX 


H 


X 


H 




4.00 


m 


a 


H 


IX 


H 


X 


H 



Digitized by VjOOQ IC 



CARNEGIE STEEL COMPANY 



186 



CARNEGIE STANDARDS 



thlt leg punched Mme ee 
e"legof itendarde 








Cj ;=web + '/M" 



sTunjju) nuimie 




Wt. Wlbs. 



2«' 



6" and 

a" 



-fflpl- — 



;?r 



-te±}- 



«— Ls 6' x4" X A' xO'— «• for «^ 

Wt.81bs. 

8-L8 6 -x 4- X A' X C-SJi-for P 

Wt-Slbs. 



4" and 
8"., 









«-Ls (Px4'x/,'xO'-S' 
Wt.71b8. 



8>l 
8 

2H 
8A 

2ii 

8 

m 

m 

m 
m 

2^ 



il 



H 
A 

H 

'A 
H 

A 

H 
}4 

H 






19.75 
17.35 
14.75 
13.25 
9.75 

15.50 

18.00 

10.60 

8.00 

11.50 
9.00 
6.50 

7.25 
6.25 
5.25 

6.00 
5.00 
4.00 
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CONNECTIONS FOR DIFFERENT DEPTHS OF 
BEAMS FRAMING OPPOSITE 










Setback J^'for25* 
and over for 8'and 9 Ic 



So 6 



'^ 



16 AND 12" 



12 AND 10 
I2''aND q" 
I2''aND b" 



ooc] 
ood 



Set beck H for 25*,, 
and over for S'and 9 It 

J 



)q_o 
)oo" 



a 



ti- 



ll 



15 AND 10 
ISLAND 9^ 
IS'^AND 8"' 



12 AND 6 




Cut U for 60* 
and over „ 

IB AND 7" 




I2''aND 7^ 
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CONNECTIONS FOR DIFFERENT DEPTHS OF 
BEAMS FRAMING OPPOSITE 




1 r 



pqc 
obc 



— 4iR 



7 AND 6 



>jr" ooc 



5o ^ V I 



-4i^ 



^*^ 



Min. 9X" 



10 AND 7 
9"aND 7^ 
8"aND 7" 



o^qc 
ooc 



^^1^ ( 



10 AND 6 
9"aND 6" 
8"aND 6" 



^=*^ 



Min. 8«'' 



Use standard gauge (214 in.) connection Ls on beam with lightest 
web. The first hole in connection Ls is ^ in. from bottom of beam in all 
cases except when a 7 in. beam frames opposite, in which case the con- 
nection is special. 
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CONNECTIONS FOR CONSTANT DIMENSION 

Z-BAR COLUMNS 

The number of tooi indicated denote the end reaetions of load on beanu for eolonins of ^ in. 
metal and abore. For 3^ in. metal rednoe them by 15 per oent 



I 

I 






M 



4.4 Tons 






1 


rn 


a 


1 




o 


o 


. 




o 


o 


j 





o 









o 






o 


o 









o 










8.8T^n8 



i 



17.7 Tons 



I 



26.5 Tons 



8iie and weight of material need for oonnections 



Bill of 
Material 

for one 
Oonnt'n 



4iiTetB%'^diam. 



6 rirets^^'' diam. 



1'— 1" 

l'~i" 

2Pills3i|gO'-5^' 
10 rivets %"diam. 



lL3>ix3i%l'-l* 
lL6x$^^l'— I'' 

"2Pills3^0'-«^'' 
14 rlTots %" diam. 



Veight 



19 lbs. 



24 lbs. 



44 lbs. 



63 lbs. 







I ■ 








1 1 


• 




! * III 


• 




{• 






f 







|0 










^1 






1 






1 


c 


b (\ 
) < 
r \ 


> 
• 




< 
< 


> c 

H 


il 




4.4T^ns 



8.8 Tons 



17.7 Tons 



26.5 Tons 



Sise and weight of material need for oonnections 



Bill of 
Material 
for one 
Oonnt'n 

Veight 



2LB 3H^x«[^0' — 11"11L3^: 



1L6l 

6 rirete'^^ diam. 



16 lbs. 



O'-l 
^i^0'-1 



21 lbs. 



11" IL 33^x3x8^ 0'—ll«' 
*"lL6x3>^xi|0'— 11" 
2L8 3i3x%0'— 11%" 
2 Fills 3^0' — 5%'' 
lOrirets^^diam. 



40 lbs. 



lL3>lx3xf^0' 
lL6xfe^x%0'. 
2L8 6x3Kx%l'- 
2Fms3xf^0'- 
17 rJTots %» dii 

68 lbs. 



-11'" 
•11» 



-11^ 
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DETAILS OF SPLICES AND CONNECTIONS FOR 

I-BEAMS TO CONSTANT DIMENSION 

Z-BAR COLUMNS 



A in. Metal and above 4.4 tons 



A ^ Metal and above 8.8 tons 



A in. Metal and above 17.7 tons A in. Metal and above 26.5 tons 

For description of other details see page 186 
Rivets and bolts ^ in. diameter 
Splice plates 13 in. by thickness of Zs by 1 ft. 6 in. long 
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CONVENTIONAL SIGNS FOR RIVETING 



H3 — 9 — ^ 



HIS 



Two Full I 
Heads **■ Countersunk - 



I Two Full 
-*■ Heads 



Qn®¥¥®«f 



- Shop - 



Field - 



^ 



^ 






u — n — o — 13 — o-^ 



^ 



"xr- 



-C7 



tT" 



FlattenedtoK" 
or Countersunk and 
not chipped 



Flattened to M 



Flattened to H 



O P <^ 



SIZES OF RIVET HEADS AND CLEARANCES 
FOR MACHINE DRIVING 



1 . 


8i» 


I»d 


Oomtenoak 


feL 


lUm. 


Itiglit 


W«IB."I"- 


DvOi 1 MoL 








lA 


A 


1 


i. 


X 


A 


IX 


?< 


lA 


m-i 


% 


{} 


lA 


A 


l?< 


K_^-f 


1 


Ji" 


1^ 


^ 


lA 



A must not be less than }iin. + % H. 
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LENGTHS OF RIVETS FOR VARIANT GRIPS 

Grip ♦; K— Grip ♦; 




- Length 



Length— 



I 

1 

ii 

2 

I 

2H 

ii 
h 

4 



n 



Suonetor in Indies 



% \ y^ H H 



Length in Inches 



2 

in 

4 

4»^ 

&^ 

§^ 

i 



25< 
2^ 

h 

3% 

1^ 
3^ 

4 

4/8 

4J< 
^^ 

i 

6 

^H 

It 
en 



\% 

2 

25/8 
2J< 

2?i 
2^ 
2^ 

i 

3^ 

3K 

P 

4 

4J^ 

Ii 
i 

6 

ill 



2 

i 

2^ 

2^^ 
2^ 
2K 

2^8 

3H 
3J< 

3^ 
854 

si 

Sh 
4 

1^ 



t 

6/8 

6 



I 

2>| 

i 

2K 

§^ 

3?^ 

S% 

3;J 
4 

^^ 

45< 
f^ 
1^ 
4K 

6?i 
654 

6^ 

6K 
6 

i^ 

7 



ii 

I? 



in 

i 
i 

3^ 

4 



4K 
4% 

6K 
6^ 
6^ 
6ji 



Bismeter in Inehet 



Length in Inches 



I 

2fi 

¥ 
I 

3M 
3?i 

3;g 
4 

454 
fH 

in 
1^ 



6H 

6j| 
6 



i^ 



i^ 

2K 

i 

in 



4^ 

41? 
6 

i 

P 

6 



in 

^^ 
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2H 
2H 

3 

3J^ 

IH 
3^ 

3% 
SH 
3H 
3% 

4'/8 

m 

i 

p 



,Coogi 



108 CARNEGIE STEEI* COMPANY 



EXPLANATION OF TABLES ON RIVETS 
AND PINS 

Pages 103 to 199 Inclusive 

In transmitting stresses by means of rivets, it is customary to 
disregard the friction between the parts joined, as too uncertain 
an element to be relied upon to any extent. The rivets must 
then be proportioned for the entire stress which is to be trans- 
mitted from one plate or group of plates to the other, and they 
must be of sufi&cient size and number to present ample resist- 
ance to shearing and afford sufficient bearing area so as not to 
cause a crushing of the metal at the rivet holes. This latter 
condition, while generally observed for pins, is very often 
entirely overlooked in riveted work. Its observance, in most 
cases of riveted girders with single webs, determines the size 
and number of rivets to be used and frequently makes it neces- 
sary to adopt a greater thickness of web than would otherwise 
be required. Thus, if the web is ^^ in. thick, the rivets con- 
necting the same with the flange angles haye a bearing value 
of only 3,620 lbs. for a ^ in. rivet, while their shearing value 
is = 2 X 8,810 = 6.620 lbs. per rivet, the rivets being in double 
«hear. Consequently, while the usual thickness of web of floor 
l)eams for railway bridges is ^ in., it sometimes becomes 
necessary for shallow floor beams to increase this thickness 
to yi in. and even yi in., in order that the pressure of the 
rivets upon the semi-intrados of the rivet holes be not exces- 
sive between the points of support of floor beam and of appli- 
cation of the load (in which space the transmission of strain 
from web to flanges takes place). 

Pins must be calculated for shearing, bending and bearing 
stresses, but one of the latter two only in almost every case 
determines the size to be used. The stress allowed upon pin- 
bearing in bridges proportioned to a factor of safety of five is 
usually 12,000 lbs. and the maximum fiber stress by bending 
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15,000 lbs. per square inch. When groups of bars are oonnecjteti 
to the same pin, as in the lower chords of truss bridges, the 
sizes of bars must be so chosen and the bars so placed that at 
no point on the pin will there be an excessive bending stress, 
on the presiunption that all the bars are strained equally per 
square inch. 

The following is the formula for flexure applied to pins: 

., /7rd» /Ad 

M = or ^ • 

83 8 

M=moment of forces for any section through pin. 

/= stress per square inch in extreme fibers of pin at that 
section. 

A=area of section ; d=diameter; 7r=8, 14169. 

The forces are assumed to act in a plane passing through 
the axis of the pin. 

The tables on pages 197 and 198 give the values of M for 
different diameters of pin and for different values of/. 

The following examples will illustrate the use of the tables : 

1. A pin in the bolster or end shoe of a bridge has to carry 
a load of 40,060 lbs. between two points of support; what size 
of pin is required, assuming the distance between points (/. e. , 
centers) of support of bolster plates and centers of pressure of 
end post plates=2>i in.? 

Answer : Bending moments=20,000 lbs. X2>^=50,000 inch 
lbs., therefore, 8X ^^' P^^ required for 15,000 lbs. fiber stress, 
since the allowed moment for 8X in. =50,600 as per table. 

2. Required the thickness of metal in the top chord or in a 
post of a bridge that will give sufficient bearing area to a 8^ in. 
pin, having to transmit a stress of 60,700 lbs. ; the allowed pres- 
sure per square inch on bearing being 12,000 lbs. maximum. 

The bearing value of a 8^ in. pin for 1 in. thickness of plate = 

60 700 
40,500 lbs., therefore, the thickness of metal required=7jr^-7r;r= 

40,000 

1>^ in., or each of the two plates in the chord or post will have 

to be 1^ in. thick. 
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SHEARING AND BEARING VALUE OF RIVETS 

ALL DIMENSIONS IN INCHES 


Diamflter of Riret 


Area in 
Square 
Inches 


Single 
Shear at 
6,000 lbs. 


Bearing Yalne For | 


Inches 


y* 


h 


H 


A 


Fnotion 


Decimal 


H 

H 
H 

% 

1 


.875 
.500 
.625 
.750 
.875 
1.000 


.1104 
.1968 
.8068 
.4418 
.6018 
.7854 


660 
1180 
1840 
2650 
8610 
4710 


1180 
1500 
1880 


1410 


1690 


2680 


2840 
2810 


2810 
8880 
8940 


SSSo 

8940 
4590 
5250 


2250 
2680 
8000 


8280 


8750 


4500 


DiuQeterofRiret 


Area in 
Square 
Hches 


Single 
Shear at 
7,500 lbs. 


Bearing Yalne For | 


Inches 


Va 


A 


^ 


A 


Fnetion 


Decimal 


H 
% 
H 
H 
% 
1 


.375 

.500 
.625 
.750 
.875 
1.000 


.1104 
.1968 
.8068 
.4418 
.6018 
.7854 


880 
1470 
2800 
8810 
4510 
5890 


1410 
1880 
2840 


1760 


2110 


3280 


S346 
2980 
8520 


S3i6 

8520 
4220 
4920 


4100 
4920 
5740 


2810 
8280 
8750 


41(Vj 
4690 


fe^jW • 


6560 


Diameter of KiTet 


Area in 
Square 
Inches 


Single 

Shear at 

10,000 lbs. 


Bearing Yalne For 1 


Inches 


}i 


h 


H 


/e 


Fraction 


Decimal 


% 

K 

H 

1 


.875 
.600 
.625 
.750 
.875 
1.000 


.1104 
.1968 
.8068 
.4418 
.6018 
.7854 


1100 
1960 
8070 
4420 
6010 
7850 


1880 
2600 
8180 


2840 


2810 


4880 


8910 
4690 


4690 
5680 
6570 


5470 
6560 
7660 
8750 


8750 
4880 
5000 


5470 
6260 


7500 


Diameter of RiTot 


Area in 
Square 
Inches 


Single 
Shear at 
12,000 lbs. 


Bearing Yalne For | 


Inches 


v. 


A 


H 


1^ 


Fraction 


Decimal 


H 

1 


.875 
.500 
.625 
.750 
.875 
1.000 


.1104 
.1968 
.8068 
.4418 
.6018 
.7854 


1820 
2860 
8680 
5800 
7220 
9480 


2350 
8180 
8910 


2980 


8520 


5470 


3910 
4880 
5860 


4690 
5860 
7080 
8210 


6840 
8210 
9580 
10940 


4690 
5470 
6250 


7820 


9880 


In above tables all be 
lines are greater than do 
zigzag lines are less than 


aring vali 
uble shec 
double ai 


aes above or to right of upper zigzag 
ir. Values between upper and lower 
id greater than single shear. 
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SHEARING AND BEARING VALUE OF RIVETS 

ALL DIMENSIONS IN INCHES 


Merent ThiAfaMses of Plato in Indies it laOOO lbs. per Sqiiwe Ii^ 


K 


^ 


H 


u 


K 


it 


n 


H 


1 


8000 
8750 


4200 


4690 
5630 


6190 


6750 
7880 


8680 
9750 


9190 
10500 


9840 
11250 


12000 


4500 
5850 
6000 


5060 
5910 
6750 


6560 
7500 


7220 
8250 


9000 




Different Tbidmeises of Plato in Indies fctlS.000 lbs. per Square Inoii 




% 


A 


H 


ii 


H 


\l 


% 


ii 


i 


8750 
4690 


5280 


5860 
7080 


7720 
9080 


8440 
9850 


10670 
12190 


11480 
18180 


12800 
14060 


15000 


5680 
6660 

7500 


6880 
7880 
8440 


8200 
9880 


10810 


11250 


Different ThicknaisM of Plato in Indus »t 20.000 lbs. p«r Sqnin Inok 


% 


A 


H 


H 


K 


ii 


K 


ii 


1 


6000 
6850 


7030 


7810 
9880 


10810 
12080 


11250 
18180 


14220 
16250 


.... 


.... 


20000 


7500 
8750 
10000 


8440 


15810 16410 
17500 18750 


9640 


10940 


11250 1 12500 


18760 


15000 




Different Thidmesses cf Plato in Inches at 25,000 lbs. per Square Indi 




K 


A 


H 


ii 


K 


ii 


n 


Ii 


1 


6230 
7810 


8790 


9770 

11720 


12890 
15040 


14060 
16410 


17770 
20820 


19140 
21880 


20510 
28440 




•"8880 
10P40 
12500 


1(1550 
12810 
14060 




18670 
15680 


25000 


ITlSo' 


18T50 


Values 


below and to left of lower ziffzair lines are less than sinff 


le shear. 
















^& 
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MAXIMUM BENDING MOMENTS OF PINS 

WITH EXTREME FIBER STRESSES 

VARYING FROM 18,000 TO 28,0OO POUNDS PER SQUARK INCH 



Itttmetarof 
Pmln 
Inehw 


Am of Pin 

inSqiUff* 

IndiM 


MoDMnts in Ineh-Fonnds for Fiber StretSM of 


15^000 lbs. 

per 
Square iDoh 

1470 
2100 
2880 
8880 


18,000 lbs. 

per 
Square Ineh 


20,000 lbs. 

per 
Square Inob 


22,500 lbs. 

per 
Square Inob 


25.000 lbs. 

per 
Square Ineh 


1 


0.786 
0.994 
1.227 
1.485 


1770 

8450 
4590 


1960 
2800 
8880 
5100 


2210 
8140 
4310 
6740 


2450 
8500 
4790 
6380 




1.767 
2.074 
2.405 
2.761 


4970 
6820 
7890 
9710 


5960 
7680 
9470 
11600 


6680 
8430 
10500 
12900 


7460 

9480 

11800 

14600 


8280 
10500 
18200 
16200 


2 

1 


8.142 
8.547 
8.976 
4.480 


11800 
14100 
16800 
19700 


14100 
17000 
20100 
28700 


15700 
18800 
22400 
26800 


17700 
21200 
25200 
29600 


19600 
'28600 
28000 
82900 


8^ 

m 


4.909 
5.412 
5.940 
6.492 


23000 
26600 
80600 
85000 


27600 
82000 
86800 
42000 


80700 
85500 
40800 
46700 


34500 
40000 
45900 
52500 


88400 
44400 
51000 
58300 


8 

8^ 


7.069 
7.670 
8.296 
8.946 


89800 
44900 
50600 
56600 


47700 
68900 

6oroo 

67900 


53000 
59900 
67400 
75500 


59600 
67400 
75800 
84900 


66300 
74900 
84300 
94400 


|K 


9.621 
10.821 
11.045 
11.793 


68100 
70100 
77700 
85700 


75800 
84200 
93200 
102800 


84200 
93500 
108500 
114200 


94700 
105200 
116500 
128500 


105200 
116900 
129400 
142300 


4 

4^ 


12.566 
18.864 
14.186 
15.088 


94200 
103400 
118000 
128800 


118100 

124000 
185700 
148000 


125700 
137800 
150700 
164400 


141400 
155000 
169600 
185000 


157100 
172300 
188400 
205500 


i 


15.904 
16.800 
17.721 
18.665 


184200 
145700 
157800 
170600 


161000 
174800 
189400 
204700 


178900 
194300 
210400 
227500 


201800 
218500 
286700 
255900 


223700 
242800 
263000 
284400 


5 


19.685 
20.629 
21.648 
22.691 


184100 
198200 
218100 
228700 


220900 
237900 
255700 
274400 


245400 
264800 
284100 
804900 


276100 
297300 
819600 
848000 


806800 
880400 
855200 
881100 


6K 
6?l 


28.758 
24.850 
26.967 
27.109 


245000 
262100 
280000 
296600 


294000 
814500 
835900 
858800 


826700 
849500 
873300 
896200 


867500 
898100 
419900 
447900 


406800 
486800 
466600 
497700 
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MAXIMUM BENDING MOMENTS OF PINS 

WITH EXTREME FIBER STRESSES 

VARYINQ FROM 18,0OO TO 28,0O0 POUNDS PER SQUARK INCH 







MonMiitB in Ineh-Pouub for FiW Stresses of 


Uametorof 
Pin in 

IlUdMS 


irwofPin 

inSoQwe 

Inohes 












15,000 lbs. 
Sqn^Inoh 


18,000 lbs. 
SquuTlneh 


2a0001bs. 
Sqn^Inok 


22,500 lbs. 

per 
SqUtfelBOll 


25,000 IbsL 

per 
Sqiuureliiflh 


6* 


28.274 
29.465 
80.680 
81.919 


818100 
888400 
859500 
881500 


881700 
406100 
481400 
457800 


424100 
451200 
479400 
608700 


477100 
607600 
689600 

672800 


680200 
664000 
599200 
635900 


1 


88.188 
84.472 
85.786 
87.122 


404400 
428200 
462900 
478600 


486800 
618800 
648500 
574200 


689200 
670900 
606900 
688000 


606600 
642300 
679400 
717800 


674000 
718700 
764800 
797500 


7 


88.485 
89.871 
41.282 
42.718 


606100 
682700 
561200 
690700 


606100 
639200 
673400 
708900 


678500 
710200 
748200 
787600 


767700 
799000 
841800 
886100 


841900 
887800 
935300 
984600 


1 


44.179 
46.664 
47.178 
48.707. 


621800 
602900 
685500 
719200 


745600 
788400 
822600 
868000 


828400 
870500 
914000 
958900 


981900 
979300 
1028200 
1078800 


1086400 
1088100 
1142500 
1198700 


8 


60.265 
51.849 
68.456 
65.068 


764000 
789900 
826900 
865100 


904800 
947900 
992800 
1068100 


1005800 
1053200 
1102500 
1158400 


1181000 
1184800 
1240300 
1297600 


1266600 
1316500 

1441800 


1 


66.745 
68.426 
60.182 
61.862 


901400 
944900 
986500 
1029400 


1085200 
1188800 
1183800 
1285800 


1205800 
1259800 
1315400 
1872500 


1866600 
1417800 
1479800 
1544100 


1507800 
1574800 
1644200 
1715700 


. 9 


68.617 
66.897 
67.201 
69.029 


lorseoo 

1118900 
1166500 
1218400 


1288200 
1342700 
1396600 
1456100 


1481400 
1491900 
1564000 
1617900 


1610600 
1678400 
1748300 
1820100 


1789200 
1864800 
1942500 
2022300 


^A 


70.882 
72.760 
74.668 
76.590 


1262600 
1818100 
1864900 
1418100 


1515100 
1576700 
1637900 
1701700 


1688400 
1750800 
1819900 
1890600 


1896900 
1969600 
2047400 
2127100 


2104800 
2188500 
2274900 
2363500 


10 


78.54 
82.52 
86.59 
90.76 


1472600 
1585900 
1704700 
1829400 


178n00 
1908000 
2045700 
2195800 


1968500 
2114500 
2278000 
2489600 


2206900 
2378800 
2557100 
2744200 


2454400 

2643100 
2841200 
8049100 


11 


96.06 
99.40 
108.87 
118.10 


1960100 
2096800 
2289700 
2544700 


2852100 
2516100 
2687600 
8068600 


2618400 
2795700 
2986300 
8392900 


2940100 
8145200 
8859500 
8817000 


8266800 
8494800 
8782800 
4241200 
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BEARING VALUES OF PINS 
FOR ONE INCH THICKNESS OF PLATE 

(= Diameter of Pin X 1 in.X Stress per Square Inch) 



'I 

4 



•88 

11 

.r 



^1 

4 






.786 

.994 

1.227 

1.486 

1.767 
2.074 
2.406 
2.761 

3.142 
3.647 
3 ' 
4!430 



12000 
13600 
16000 
16600 

18000 



16000 
16900 
18800 
20600 

22600 



1960024400 
2100026300 



22600 

24000 
26600 



28100 

30000 
31900 



9762700033800 
2860036600 



4.909 
6.412 
6.940 
6.492 



3000037600 
3160039400 
3300041300 
3460043100 



7.069 36000 46000 
7.670 3760046900 



8.296 
8.1 



3900048800 
9464060060600 



9.621 
10.32 
11. 06 
11.79 

12.67 
13.36 
14.19 
16.03 



4200062600 
4360064400 



46000 



66300 



4660068100 

4800060000 
4960061900 
6100063800 



62600 



66600 



4>^ 
4^ 
4^ 
4^ 

6 

6^ 
6X 

6K 

6^ 
6H 

6 

ex 
en 

en 
en 
en 
eji 

7 

7>^ 
8 

9 
lO 

11 
12 



16.90 
16.80 
17.72 
18.67 

19.64 
20.63 
21.66 
22.69 

23.76 
24.86 
26.97 
27.11 

28.27 
29.46 
30.68 
31.92 

33.18 
34.47 
36.79 
37.12 

38.48 
44.18 
60.27 
66.76 

63.62 

78.64 

96.03 

113.10 



64000 
66600 
67000 
68600 

60000 
61600 
63000 
64600 

66000 
67600 
69000 
70600 

72000 
73600 
76000 
76600 

78000 
79600 
81000 
82600 

84000 

90000 

96000 

102000 

108000 
120000 
132000 
144000 



67600 
69400 
71300 
73100 

76000 
76900 
78800 
80600 

82600 
84400 
86300 
88100 

90000 
91900 
93800 
96600 

97600 

99400 

101300 

103 lOO 

106000 
112600 
120000 
127600 

136000 
160000 
166000 
180000 
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STANDARD PIN-NUTS 



Fiiu 



Hn-Hats 



Pins 



Fin-Nats 



8 

8% 



II 



1^ 



If 



t 



0.85 
1.08 



0,97 
1.50 



1.87 
2.06 



1.96 
3.38 



8.22 
8.68 



3.41 
4.09 



4.68 
5.25 



8^ 



5 
5Ji 



5 



6 
6% 



4 



ea 



7ft 



IM 



f 



4.74 
6.19 



6.19 
5.87 



6.68 
6.68 



5.82 
8.58 



7.59 
7.59 



13.06 
14.86 



14.00 
18.10 



All dimensions given above are in inches. 
Weights refer to untapped nuts. 



WOOD SCREWS 

(Not Manufaotored by CarneRie Steel Co.) 

Diameter — Number x 0.01325 + 0.056 



Ho. 


Diam. 


Ho. 


DiAin. 


Ho. 


DiaiB. 


Ho. 


Diun. 


[ 
1 No. 

1 


Diam. 





.056 


6 


.136 


12 


.215 


18 


.298 


24 


.374 


1 


.069 


7 


.149 


13 


.228 


19 


.808 


25 


.887 


2 


.082 


8 


.162 


14 


.241 


20 


.321 


26 


.401 


8 


.096 


9 


.175 


15 


.255 


21 


.884 


27 


.414 


4 


.109 


10 


.188 


16 


.268 


22 


.347 


28 


.427 


5 


.122 


11 


.201 


17 


.281 


23 


.361 


29 
80 


.440 
.453 
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WEIGHT OF RIVETS AND ROUND-HEADED 

BOLTS WITHOUT NUTS PER 100 

STEEL 



ar 


M^ 


Kin. 

UVUL 


^ 


¥J^ 


^ 


lln. 
Diam. 


'il£: 


Mt 


1^ 


6.5 


12.8 


22.0 


29.3 


43.9 


66.6 


93.8 


127. 


i5 


6.3 


14.2 


24.1 


82.4 


48.2 


72.1 


100. 


136. 


iU 


7.0 


15.5 


26.3 


36.6 


62.6 


77.7 


107. 


146. 


2 


7.9 


16.9 


28.6 


38.7 


66.7 


83.8 


114. 


168. 


2^ 


8.7 


18.8 


80.7 


41.8 


61.0 


88.8 


121. 


162. 


2^ 


9.4 


19.7 


32.8 


44.9 


66.2 


94.4 


128. 


171. 


ax 


10.2 


21.1 


36.0 


48.0 


69.6 


100. 


136. 


179. 


8 


11.0 


22,6 


87.2 


61.1 


73.7 


106. 


143. 


188. 


8X 


117 


23.9 


39.3 


64.3 


78.0 


111. 


160. 


197. 


8$ 


12.6 


25.8 


41.5 


67.4 


82.3 


116. 


167. 


206. 


»H 


13.4 


26.7 


43.7 


60.6 


86.5 


122. 


164. 


214. 


4 


14.1 


28.1 


46.9 


63.6 


90.8 


128. 


170. 


223. 


4V 


14.9 


29.4 


48.0 


66.7 


95.0 


134. 


177. 


231. 


4>i 


15.7 


30.8 


60.2 


69.9 


99.3 


139. 


185. 


240. 


4^ 


16.5 


32.2 


62.4 


73.0 


104. 


146. 


192. 


249. 


6 


17.2 


33.6 


64.6 


76.1 


108. 


160. 


199. 


268. 


ex 


18.1 


36.0 


66.7 


79.2 


112. 


166. 


206. 


266. 


6^ 


18.8 


36.4 


68.9 


82.3 


116. 


161. 


218. 


275. 


6J< 


19.6 


37.8 


61.1 


86.6 


120. 


166. 


220. 


284. 


6 


20.4 


39.2 


63.2 


88.6 


124. 


172. 


227. 


292. 


ex 


21,9 


42.0 


67.6 


95.1 


133. 


184. 


241. 


810. 


7 


23.5 


44.7 


71.9 


101. 


142. 


196. 


256. 


327. 


7>^ 


25.1 


47.6 


76.1 


108. 


160. 


206. 


269. 


346. 


8 


26.6 


60.3 


80.6 


114. 


169. 


217. 


284. 


362. 


8^ 


28.2 


63.1 


86.0 


120. 


167. 


227. 


298. 


879. 


9 


29.8 


66.9 


89.3 


126. 


176. 


239. 


312. 


897. 


9X 


81.3 


68.7 


93.7 


133. 


186. 


260. 


326. 


414. 


10 


82.8 


61.4 


98.0 


139. 


193. 


261. 


340. 


431. 


10^ 


34.5 


64.2 


103. 


146. 


202. 


272. 


864. 


449 


11 


36.0 


67.0 


107. 


161. 


210. 


284. 


368. 


466. 


ll}i 


37.6 


69.8 


111. 


168. 


218. 


296. 


382. 


484. 


12 


39.2 


72.6 


116. 


164. 


227. 


306. 


396. 


601. 


Heads 


1.8 


6.8 


11.1 


13.6 


22.6 


39.0 


68.0 


88.6 



/Google" 



CARNEGIE 


STEEL COMPANY 


202 


WEIGHT IN POUNDS OF 100 BOLTS WITH SQUARE 


HEADS AND NUTS 






length 




Diameter of Bolts 






Under Head 
toPuint 










Hln 


i"«In. 


Mln. 


/sin. 


J^m. 


^In. 


Kin. 


HUl 


lln. 


VA 


4.0 


7.0 


10.5 


15.2 


22.6 


89.5 


68.0 






l-K 


4.4 


7.6 


11.8 


16.8 


28.8 


41.6 


66.0 


.... 


, , 


2 


4.8 


8.0 


12.0 


17.4 


25.2 


48.8 


69.0 


109.0 


lb8 


25< 


6.2 


8.5 


12.8 


18.5 


26.5 


45.8 


72.0 


118.8 


169 


2jl 


5.5 


9.0 


18.5 


19 6 


27.8 


48.0 


76.0 


117.6 


174 


2K 


5.8 


9.5 


14.8 


20.7 


29.1 


60.1 


78.0 


121.8 


180 


8 


6.8 


10.0 


15.0 


21.8 


80.5 


62.8 


81.0 


126.0 


185 


Z% 


7.0 


11.0 


16.5 


24.0 


88.1 


66.5 


87.0 


184.8 


196 


4 


7.8 


12.0 


18.0 


26.2 


85.8 


60.8 


98.1 


142.5 


2or 


4% 


8.5 


18.0 


10.5 


28.4 


88.4 


65.0 


99.1 


151.0 


218 


5 


9.8 


140 


21.0 


80.6 


41.1 


69 8 


106.2 


159.6 


229 


r>K 


10 


15.0 


22.5 


82 8 


48.7 


78.5 


111.8 


168.0 


240 


ti 


10.8 


16.0 


24.0 


85.0 


46.4 


77.8 


117.8 


176.6 


251 


«K 






25.6 


87.2 


49.0 


82.0 


123.4 


185.0 


262 


7 










27.0 


894 


51.7 


86.8 


12^.4 


198.7 


273 


7^ 










2S.5 


41.6 


54.8 


90.5 


ia5.o 


202.0 


284 


8 










80.0 


48.8 


59 6 


94.8 


141.5 


210.7 


295 


9 












46.0 


64.9 


108.8 


158.6 


227.8 


817 


10 














48.2 


70.2 


111.8 


165.7 


244.8 


889 


11 














50.4 


75.5 


120.8 


irr.s 


261.9 


860 


IS 














52.6 


80.8 


128.8 


189.9 


278.9 


882 


18 
















86.1 


1878 


202.0 


296.0 


404 


14 














.... 


91.4 


145.8 


214.1 


818.0 


426 


15 
















96.7 


164.8 


226.2 


880.1 


448 


16 
















102.0 


162.8 


288.8 


847.1 


470 


17 
















107.8 


171.0 


250.4 


864.2 


492 


18 














.... 


112.6 


179 5 


262.6 


881.2 


514 


19 
















117.9 


188.0 


274.7 


898.8 


536 


20 
















128.2 


206.5 


286.8 


415.8 


558 


Per Inch 
Additional 


1.4 


2.1 


8.1 


4.2 


6.5 


8.5 


12.3 


1G.7 


21.8 


WEIGHTS OF NU 


TS AND BOLT 
POUNDS 


-HE/I 


^DS IN 


FOR OALOU LATINO T 


HE WEIOHT OP LO 


NGER 


BOLTS 


Diameter of Bolt in Inches 




H 


H 


'A 


H 


H 


Vs 


Weight of Hexagon 


















Nut and Head 


*•• . 




017 


.057 


.128 


.267 


.48 


.73 


Weight of Square 


















Nut and Head 






021 


.059 


.164 


.820 


.56 


.88 


Diameto-ofBoltinlnehet 


1 


IK 


IK 


IK 


2 


2K 


8 


Weight of Hexagon 


















Nut and Head 


1.10 


s 


5.14 


8.78 


5.6 


8.75 


17.0 


288 


Weight of Square 


















Nut and Head 


1.81 


s 


►.56 


4.42 


7.0 


10.5 


21.0 


86.4 


r- ^1^ 
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Dl MENSIONS AND WEIGHTS OF HOT PRESSED 
SQUARE NUTS 

The sizes are the usual manufacturers', not the Franklin Institute 
Standard. Both weigfhts and sizes are for the unfinished nut 



ffiieof 
Bolt 


Weight of 
lOOutB 


w 


TUolmMs 
of Hut 


gUtot 
Sfiun 


Diagoiul 


Ko.orHiit8in 
100 lbs. 




1.6 
2.9 
4.9 


i 


1 


1 


.71 

.88 

1.06 


6800 
3480 
2060 


1 


7.7 

8.6 

11.8 


? 


1 


.^ 


1.24 
1.24 
1.41 


1290 

1170 

860 


ft 


16.7 
17.7 
22.8 


1 


1 


1>^ 

IX 


1.69 
1.69 
1.77 


600 
670 
440 


1 


82.3 
39.8 
63. 
63. 


' ■ r 


1 


1?^ 

IX 


1.94 
2.12 
2.30 
2.47 


310 
261 
190 
169 


I '4 


68. 

94. 
103. 
137. 


1 


1 

1 


a 

2X 


2.47 
2.83 
2.83 
3.18 


146 

106 

97 

73 




146. 
186. 
247. 


li 


IX 

IX 


2X 
2X 


3.18 
3.64 
3.89 


69 

64 
41 


iy2 

11 


319. 
400. 
600. 
620. 


IS 


1)^ 

IX 


3 

3X 
3>^ 

3X 


4.24 
4.60 
4.96 
6.30 


31.3 
24.8 
19.9 
16.2 


2 

2>^ 
2X 


760. 
780. 
930. 


i« 


2 

2>^ 
2X 


4 
4 

4X 


6.66 
6.66 
6.01 


13.4 
12.8 
10.7 


2^ 
2^ 
2K 


960. 
1130. 
1370. 


2}i 
2X 
2/. 


2X 


4X 
4^ 

4X 


6.01 
6.36 
6.72 


10.4 
8.9 
7.3 


3 

3X 

3/2 


1610. 
2110. 
2760. 


2H 

3/1 


3 

3X 
3;^ 


5 


7.07 
7.78 
8.49 


6.2 
4.7 
3.6 
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DIMENSIONS AND WEIGHTS OF HOT 




PRESSED 


HEXAGON NUTS 




The sizes are the usual manufacturers', not the Franklin Institute 
Standard. Both weights and sizes are for the unfinished nut 


SiMOf 

Bolt 


¥«ightof 
lOOutB 


^t 


Thioknan 

Oflllt 


Short 
DimAtar 


OiJSir 


IO.OfKlltBi]| 

100 lbs. 


1 


1.3 
2.4 
4.1 
6.8 


A 


X 


1 


.68 

.72 

.87 

1.01 


8000 

4170 
2410 
1460 


A 


7.1 

9.8 

14.0 


s 


A 




1.01 
1.16 
1.30 


1410 

1020 

710 


I 


14.7 
19.1 
22.9 


1 


s 


il 


1.30 
1.44 
1.44 


680 
620 
440 


H 

i 


27.2 
39. 
44. 
60. 


-■ 


J 




1.69 
1.73 
1.88 
1.88 


370 
266 
226 
198 


1 
1 


67. 
64. 
96. 


if 


h 


2 


2.02 
2.02 
2.31 


176 
166 
104 




134. 
180. 
236. 


11 


1^ 


2^ 

2>4 
2|< 


2.60 
2.89 
3.18 


76 
66 

42 


1^ 


300. 
370. 
460. 


Wt 


P 


3 

3>i 


3.46 
3.76 
4.04 


33.4 

26.7 
21.6 


2 

2X 


460. 
660. 
660. 


p 


2 

2>i 
2X 


3X 
3^ 
3^ 


4.04 
4.33 
4.33 


22.4 
18.0 

17.7 




680. 
810. 
980. 


2>g 
2X 
2A 


2^ 
2^ 
2^ 


4 


4.62 
4.91 
6.20 


14.7 
12.3 
10.2 


8 

8>^ 


1160. 
1340. 
1680. 


3/i 


3 

3>^ 


I'' 

6X 


6.48 
6.77 
6.06 


8.7 
7.6 
6.8 
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UPSET SCREW ENDS 


FOR 


ROUND AND 






SQUARE BARS 










Homdlttt 


Square Bars 1 


Suunetar 
•f Round 
IT Side of 

XT 

lukti 


DiuMler 

atnpMt 

Screw 

tat 

IwhM 


Diameter 
ofSerev 
at Root of 
Thread 
Inohet 


Thread! 


Bxoeasof 
IffeotiTe 
Area of 
Screw Ind 
Oyer Bar 
Percent 


Diameter 

of Upset 

Screw 

Ind 

Inehes 


Diameter 
of Screw 
at Root of 
Thread 
Inches 


Threads 

per Inch 

Mo. 


Izoessof 
Iffeotire 
ireaof 
Screw Ind 
OrarBar 
PerOent 


}4 


8 


.620 
.620 


10 
10 


54 
21 


I 


.620 
.781 


10 
9 


21 
83 


■ H 


,« 


.731 
.837 


9 

8 


37 

48 


1 

1 


.887 
.887 


8 
8 


41 
17 


S 


1 
1>I 


.837 
.940 


8 

7 


25 
84 


IX 


.940 
1.065 


7 
7 


23 
85 




IX 


1.065 
1.065 


7 
7 


48 
29 


1^ 

\y% 


1.160 
1.160 


6 
6 


38 
20 


1 




1.160 
1.160 


6 
6 


85 
19 


1^ 


1.284 
1.889 


6 

5}^ 


29 
84 


lA 


IK 


1.284 
1.284 


6 
6 


80 
17 


i>^ 

IX 


1.889 
1.490 


I'' 


20 
24 


lA 


1^ 

IX 


1.889 
1.490 


5X 
5 


23 
29 




1.615 
1.615 


5 
5 


31 
19 


1?< 

lA 


IX 


1.490 
1.615 


5 
5 


18 
26 


2 

2yi 


1.712 
1.887 


4^ 
4>^ 


22 

28 


IK 
lA 


2 
2 


1.712 
1.712 


4>^ 
4>4 


80 
20 


2% 
2X 


1.887 
1.962 


4X 
4X 


18 
24 


1^ 


2H 

2yi 


1.887 
1.887 


4>^ 


28 
18 


2}i 
2H 


2.087 
2.087 


4K 

4X 


30 

20 




3X 
3X 


1.962 
1.962 


« 


26 
17 


2% 

2H 


2.175 
2.800 


4 

4 


21 
26 




2^ 
2^ 


2.087 
2.175 


f 


24 
26 


2H 
2X 


2.800 
2.425 


4 
4 


18 
23 


aA 


2% 
2^ 


2.176 
2.800 


4 
4 


18 
24 


2Ji 
2ji 


2.550 

2.550 


4 
4 


28 
20 




2?^ 
2X 


2.800 
2.425 


4 
4 


17 
28 


8 


2 629 
2.754 


8X 


20 
24 
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UPSET SCREW ENDS 
(Continued) 





EoiadBaii 


Square But 


Sluutar 
of Brand 
or Side of 

InckeB 


muntv 

of Dpnt 

Strew 

bd 

luihw 


liuMtar 

«f Screw 

atKootof 

Tbnul 

InobM 


nntds 

pwludi 

Id. 


Excess of 
Iffeetire 
Area of 
Screw bd 
OrerBar 
Percent 


Diameter 
of Upset 

Screw 
Bnd 

Inches 


Diameter 

ofSerew 

at Root of 

Thread 

InohM 


Threads 
per^^ 


Ixoessof 
Iffeetire 
Area of 
Screw Bnd 
Oyer Bar 
Percent. 


2A 
2^ 
2A 

m 
m 

8 

Vi 

8^ 

»% 

8^ 


m 

8 

i'A 

9H 
3X 

8^ 

8^ 
8>i 

8?< 
8^ 

85< 

8;« 

4 

4,«' 

4>^ 

4^ 
4ji< 


2.550 
2.650 

2 629 
2.754 

2.754 

2.879 

2.879 
8.004 

8.004 
3.100 

3 225 
8.225 

8.817 
8.442 

3.667 
8.692 

8.798 
4.028 

4.168 
4.255 


4 

4 

S'A 
z% 

z% 
zYz 

SH 

8X 

8X 
8X 

8 
8 

8 
8 

2^ 
2^ 


28 
22 

28 

28 

21 
26 

20 
25 

19 
22 

26 

21 

22 

21 

20 
20 

18 
28 

23 
21 


8^ 

8^ 

8^ 
4 


2.754 
2.879 

8.004 
3.004 

3.100 
8.225 

8.225 
3.817 

8.442 
3.442 

3.567 
3.692 

8.692 
8.928 

4.028 
4.158 






8K 

sy2 

8>^ 

8X 
8X 

8X 
8 

8 
8 

8 
8 

8 

2^ 


18 
22 

26 
19 

21 

24 

19 
20 

28 

18 

21 
24 

19 
24 

21 
19 



Remarks— As upsettinfi^ reduces the strengfth, bars having: the same 
diameter at root of thread as that of the bar invariably, break in the 
screw end when tested to destruction, without developing the full 
strength of the bar. It is therefore necessary to make up for this loss 
in strength by an excess of metal in the upset screw ends over that in 
the bar. 

The above table is the result of numerous tests on finished bars 
made by Carnegie Steel Company, and gives proportions that will cause 
the bar to break in the body in preference to the upset end. 

The screw threads in above table are the Franklin Institute 
Standard. 

To make one upset end for 6 in. lengfth of thread, allow 6 in. length 
of rod additional. 
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STANDARD SCREW THREADS, NUTS AND BOLT HEADS 

Recommended by the Franklin Institute 



SCREW THREADS 




lag^ of Thread 6(P. FlatatTopandBottomsiofFitoh 



Diameter of 
Serev. Inrhes 



Diameter at Root 
of Thread, Inohes 



.186 
.240 
.204 
.844 
.400 
.464 
.607 
.620 
.781 

.887 
.940 
1.066 
1.160 
1.284 
1.889 
1.490 
1.616 

1.712 
1.962 
2.176 
2.426 

2.629 
2.879 
8.100 
8.817 

8.667 
8.798 
4.028 
4.266 

4.480 
4.780 
4.968 
6.208 
6.428 



Threads Mr Ineh 



'»r" 



20 
18 
16 
14 
18 
12 
11 
10 
9 

8 
7 
7 
6 
6 

6 

r 

4 

i 
P 

^H 

^H 

2K 



Nuts and bolt heads are 
determined by the following^ 
rules, which apply to both 
square and hexagon nuts: 
Short dia. of rough nut 

= IK X dia. of bolt-f J^ in. 
Short dia. of finished nut 

= VAX dia. of boltH-^ in. 
Thickness of rough nut 

= dia. of bolt. 
Thickness of finished nut 

= dia. of bolt—^ in. 
Short dia. of rough head 

= IK X dia. of bolt + J^ in. 
Short dia. of finished head 

= IK X dia. of bolt 4- A in. 
Thickness of rough head 

= K short dia. of head. 
Thickness of finished head 

= dia. of bolt— ^ in. 

The long diameter of a 
hexagon nut may be ob- 
tained by multiplying the 
short diameter by 1.155 and 
the long diameter of a square 
nut by multiplying the short 
diameter by 1.414. 

The above standards for 
screw threads, nuts and bolt 
heads were recommended 
by the Franklin Institute in 
December, 1864. The stand- 
ard for screw threads has 
been very generally adopted 
in the United States, but the 
proportions recommended 
for nuts and bolt heads have 
not found general accept- 
ance because of the odd 
sizes of bar— not usually 
rolled bythemilla— required 
to make the nut. 
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WHITWORTH'S STANDARD ANGULAR SCREW 

THREADS 

Angle of thread 55°. 
Depth ot thread = pitch ot 
screw. 

}4 of depth is rounded off at 
top and bottom. 

Number of threads to the inch in square threads = J^ the number 
in angrilar threads. 




Diam.of 


Threads to 


Slam, of 


Threads to 


Dianuof 


Threads to 


Dianuof 


Threads to 


Screw 


the inch 




thelooh 


Screw 


the inch 


Screw 


the Inch 


Inches 


Ho. 


Inches 


Ho. 


Inches 


Ho. 


Inches 


Ho. 


K 


20 


1 


8 


2 


4K 


4 


8 


1^ 


18 


iKs 


7 


^H 


4 


45< 


m 


16 


154 


7 


9% 


4 


454 


m 


/e 


14 


1^ 


6 


m 


854 


4^ 


2H 


% 


12 


IK 


6 


8 


8K 


6 


2K 




11 


IH 


5 


8K 


8K 


65< 


2H 


10 


6 


8^ 


8K 


554 


25? 


9 


4J^ 


8K 


8 


5^ 














6 


25^ 



STANDARD STEAM, GAS AND WATER PIPE 

As manufactured by the National Tube Works Co. 





Diameter in Inches 




LengtiiofPipe 

Gontaininff 

One Cubic ?oot 


nominal 


Humberof 








Thickness 
Imshes 


"j^^ 


Threads 
per Inch 


nominal 


ictnal 


ictnal 


Internal 


External 


Internal 




Founds 


ofSciew 


^ 


.405 


.27 


.068 


2518. 


0.24 


2? 


.54 


.864 


.068 


1888.8 


0.42 


18 


i| 


.875 


.494 


.091 


751.2 


0.66 


18 


54 


.84 


.628 


.109 


472.4 


0.84 


14 


s^ 


1.06 


.824 


.118 


270. 


1.12 


14 


1 


1.815 


1.048 


.184 


166.9 


1.67 


1154 


15< 


1.66 


1.88 


.140 


96.25 


2.24 


1154 




1.9 


1.611 


.145 


70.66 


2.68 


1154 


2 


2.875 


2.067 


.154 


42.91 


8.61 


n% 


254 


2.875 


2.468 


.204 


80.1 


5.74 


8 


8 


8.5 


8.067 


.217 


19.5 


7.54 


8 


854 


4. 


8.548 


.226 


14.57 


9.00 


8 


4 


4.5 


4.026 


.287 


11.81 


10.66 


8 


454 


6. 


4.508 


.246 


9.02 


12.49 


8 


5 


5.568 


5.045 


.259 


7.2 


14.50 


8 


6 


6.626 


6.065 


.280 


4.98 


18.76 


8 


7 


7.626 


7.028 


.801 


8.72 


28.27 


8 


8 


8.626 


7.982 


.822 


2.88 


28.18 


8 


9 


9.626 


8.987 


.344 


2.29 


88.70 


8 


10 


10.75 


10.019 


.866 


1.82 


40.00 


8 
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SPIKES, NAILS AND TACKS 



StaadurdStMl Wire Hails 


Steel Win Spikes 


Oommon Iron Hails 




iSfS 


Oonmum 


Finighing 


loSs 


Diam. 
Inches 


No. per 
Poimd 


Sises 


InoLs 


Ho. 


Bint 


Oiam. 
Inohet 


pound 


Diam. 
Inches 


Ho. per 
Poond 


fZi 


2d 
8d 
4d 
6d 

6d 
7d 
8d 
9d 

lOd 
12d 
16d 

aod 

80d 
40d 
60d 
60d 


1 

9 

2H 

8 

8K 
8^ 
4 


.0624 
.0688 
.0720 
.0764 

.0808 
.0858 
.0936 
.0968 

.1082 
.1144 
.1286 
.1620 

.1819 
.2048 
.2294 
.2676 


1060 
640 
880 
276 

210 
160 
116 
08 

77 
60 
48 
81 

22 

17 
18 
11 


.0468 
.0608 
.0506 
.0571 

.0641 
.0641 
.0720 
.0720 

.0808 
.0808 
.0907 
.1019 


1568 
913 
781 
600 

860 
815 
214 
195 

187 
127 
90 
62 


8 

6 

1^ 
6M 

7 
8 
9 


.1620 
.1819 
.2048 
.2294 

.2676 
.2898 
.2898 
.2249 

.2249 
.8648 
.8648 


41 
80 
28 
17 

18 
11 
10 

7 
6 

4J^ 


2d 
8d 
4d 
6d 

6d 
7d 
8d 
9d 

lOd 
12d 
16d 
20d 

80d 
40d 
60d 
60d 


1 

154 
IK 

2 

25< 
2^ 

8 


800 
400 
800 
200 

160 

120 

86 

75 

60 
60 
40 
20 

16 
14 
11 
8 



TACKS 



Title 
Ounce 


jSm 


Number 
per 


Title 
Ounce 


Ii^ 


Number 

per 
Pound 


Title 
Ounce 


InSSi 


Number 

per 

Pound 


1 


H 


16000 


4 


/« 


4000 


14 


^ 


1148 


i'A 


^ 


10666 


6 


A 


2666 


16 


i 


1000 


2 


x/ 


8000 


8 




2000 


18 


i 


888 


2J4 


^ 


6400 


10 


It 


1600 


20 


1 


800 


8 




6883 


12 




1888 


22 
24 


lU 


727 
666 



WROUGHT SPIKES 

Number to a Keg of 150 lbs. 



Length 
laches 


\t 


l'^ 


1.^ 


IX 


\T 


"^ 


1.^ 


''i.^ 


1^ 


8 


2260 






7 


1161 


662 


482 


446 


806 


8M 


1^90 


1208 




8 




686 


456 


884 


266 


4 


1660 


1185 




9 




678 


424 


800 


240 


4^ 


1464 


1064 




10 






891 


270 


228 


6 


1880 


980 


742 


11 




• . •• 


.... 


249 


208 


6 


1292 


868 


570 


12 


.... 


.... 




286 


180 
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CLEVISES 

AMERICAN BRIDGE COMPANY'S STANDARDS 



All dimensions in 

inches 




Grip G can be made 
to suit connections 



Diam. of 


Max. Pin 
P 


GleTis 


Diam.of 


Clevis D. 


ForkF 


Hat IT 


Width ¥ 


TUoknessT 


k 


B 


Clevis D 


8 


1% 


t% 


1^ 


IM 


^ 


6 


5 


3 


4 


2K 


IK 
25< 


1^ 


25^ 


5^ 


9 


8 


4 


5 


8 


2H 


P. 


9 


8 


5 


6 


85^ 


2^ 


2H 


24^ 


9 


8 


6 


7 


4 


8J< 


8K 


8K 


% 


9 


8 


7 





TABLE GIVING DIAMETER OF CLEVIS FOR GIVEN ROD AND PIN 




" 1 


Pint 


Rod 


1 


1 


1 


1 IK IK IK 2 2K 25^ 2K 8 8K 8K 8K 4 


1 


i 


1 


K 


H 
Va 

H 

1 
IH 

IK 

IK 
IK 

2 


1 
IH 

IK 

IH 

IK 

ifi 

IK 

1% 

2 

2ji 

2K 
2K 

2K 
2H 

2K 

2% 


SJS 8 
8 sis 


4 4 4 


5 5 « 


6 6 
6 6 




1 

IH 

IK 

IK 

IK 

ifi 

IK 

IK 

2 

2H 
2K 
2K 

2K 
2H 
2K 
2K 

T 


K 

1 

IH 

IK 

IK 

IK 

IK 

IK 
2 

1 


K 


I 
IH 


4 4 

4 [4 

4 4 

4 


4 4 4 

4 4 4 

|4 4 4 


K 

1 
IK 


IK 


4 |5 5 


5 5 5 


IK 


i?fi 


5 6 5 6 

5 6 5 6 

6 6J 5 

5 SJS 


5 5 5 

6 5 5 

5 16 6 


IK 
IK 


I5i 
1% 
2 


6 16 6 

6 6 16 6 

6 6 1 7 


|7 7 7 
7 7 7 


7 7 
7 7 
7 7 


IK 
2 


8H 


7 7 
7 7 


7 7 7 
7 7 7 




2/8 


2K 


7 


^1 




2K 


1 


i 


1 


1 IX IK IK 2 2K 2K 2K 8 SK 8K 8K 4 


1 


Rod ^ 


PiBi 


Rod 



Clevises above and to rieht of heavy zig-zag line may be used with forks straight. 
Clevises below and to leu of same line should have forks closed in until pin is not 



overstrained. (Not manufactured by Carnegie Steel Company.) 
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SLEEVE NUTS AND TURNBUCKLES 

AMERICAN BRIDGE COMPANY'S STANDARDS 

ALL DIMENSIONS IN INCHES 



SLEEVE NUTS 



V-T-^—A^-^T^^ 




1% 



k 

VA 

in 
in 

2 

2H 
^% 

% 

2H 



3H 
3^ 

3H 
SH 

4 

45< 
4^ 



Ei 






7 
7 
75^ 

8 

8^ 
8K 
9 

9 

9K 
9J^ 
10 

10 

10^ 

io>^ 
11 

11 

UK 
iiM 

12 

12 

12J^ 
12M 
13 

18 

13K 
14 



5}g 






2K 
8 

4 

6J^ 
8 

S% 
10 

11 
14 
15 
18 

19 



TURNBUCKLES 

Manufactured by the Cleveland City 
Forge and Iron Co., Cleveland, O. 




Standard Length, X — 6 in. 
Extra Lengths, 9, 12, 18, 24, 36, 48 and 73 
in. (Special Prices) 



-I 



7 

8K 
10 

iiM 

18 
15 

18 
20 

24 

28 
80 
84 



50 



65 



STANDARD DIMENSIOHS 



t A B G L T 



lA 



1:^ 



6K 



7K 



m 



^H 



8^ 
9 

9^ 
»K 
lOKs 

im 

12 

12^ 

12X 

18/8 

18K 
18J^ 
145< 
14^ 

15 

i5K 



16J^ 

is" 



1% 

\i 

m 

2 

2^ 

25^ 
25^ 

2K 

3 

3/8 

3^ 

354 
35^ 
3K 
3K 

4 

4>i 



(Not manufactured by Carnegie Steel Co.) 
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EYE BARS 

AMERICAN BRIDGE COMPANY'S STANDARDS 





Ol 


RDINARY 

f 






ADJUSTABLE 


\ 










O) 


\^^ 






1 


















Min. Langth C 


. toMdeVJ 










preferably 7'0" 




Min. 

Thickness 

of Bar 

Inohes 


lead 


Screw End 


Thickness 
of Bar 
Inches 




Diam. 
Inohes 


Max. 

Pin 
Inches 


Additional 
Material for 

Iflead 
Fk and Ins. 


Additional 
Material for 

Upset 
Ft and Ins. 


Diam. 
Inches 


ffi 


2 


H 


4K 
5>^ 


i^ 


0-10 
1-2 


0-7 


{J 


5 


11 


2 


SiH 


g 


5K 
6>^ 


8J^ 


0-11 
1-2 


1-1 


2J^ 


5 


HtolA 


2H 


3 


g 


7 
8 


8 

4 


1-1 
1—5 


1-5 
1-5 


25^ 
2^ 


t^ 


1 tolA 


3 


4 


•1 


9^ 


4K 
6J^ 


1-6 
1-9 
2-8 


1-8 

1-8 


8 

8J< 


6 
6K 


1 tol^ 
lAtol^ 


4 


6 


1^' 


Jl^ 


5 

6K 


1-8 
2-8 


1-9 
1-9 


1^ 


65^ 

7 


1 tol^ 

mtoix 


6 


6 


i'^ 


18K 


5K 
6>^ 


1-10 
2—4 


1-11 
1—11 


Y^ 


8 
8 


ly^tolH 


6 


7 


1 

k 

*1^ 
♦IK 


16J^ 

22 

23K 
24^ 

26 


8K 

8 
9 


2-4 
2— 8 

2-8 

2—8 
8— 


2-8 
2-8 


4H 


9 
9 


IJ^tolA 


7 


8 




8 










9 

lOK 

10 

llj^ 

13 


2-11 
8-4 
8— 8 












10 




10 










^8 
8—9 
4 - 2 












7fl 




12 










80^ 
82K 
83>^ 


12 
14 
15 


8-10 
4—5 
4-8 












24 




14 















Bars marked * shonld only be used when absolutely unavoidable. 

Note: Eye bars are hydraulic forg-ed, and are g-uaranteed to develop 
the full strength of the bar, under conditions sriven in the above table, 
when tested to destruction. 

(Not manofactored by Cameflrie Steel Company) 
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CARNBGIB STBEL COMPANY 



DECIMALS OF A FOOT FOR EACH Mh OF 
AN INCH 



I O" 





I 

.0006 
.0089 
•0062 




A .0117 

A .0180 

II ,0148 

tV .0166 



.0873 
.01«6 
.0299 
.0812 



josad 



J0665 



v 



0646 
0669 
0872 



0898 
0911 



0987 



0961 
0964 
0977 
.0990 



1008 
1016 



1042 



1055 
1068 
1081 
1094 



,1107 
,1120 
,1183 
.1146 



1160 
1172 
1185 
1196 



1211 
1224 
.1287 
.1260 



2" 8' 



.1667 



1680 



1706 
1719 



.1782 
1746 
.1758 
.1771 



.1784 
.1797 
.1810 



,1836 
1849 



1875 



,1888 
,1901 
,1914 
.1927 



.1940 
.1953 
.1966 
.1979 



.2005 
.2018 
.2081 



.9044 

.2057 
.2070 
.2068 



.2600 
2618 



2666 
2578 
.2691 
2604 



.2617 



.2643 
2656 



2706 



.2721 
2784 

.2747 
2760 



2773 
.2786 
.2799 
.2812 



.2866 



.2878 
.2891 
.2904 
.2917 



.8846 
.8869 



.8411 
.8424 
.8487 



.8461 
.8464 
.8477 
.8490 



.8608 
.3616 



.8642 



.3665 
.8568 
.3581 
.8694 



.8607 
.8620 



.8646 



.8669 
.8672 
.8685 
.8696 



.8711 
.8724 
.8787 
.8760 



6" 



.4167 



.4180 
.4198 
.4206 
.4219 



.4245 
.4268 
.4271 



.4284 
.4297 
.4810 
.4828 



.4886 
.4849 



.4875 



.4888 
.4401 
.4414 
.4427 



.4440 
.4453 
.4466 
.4479 



.4492 
.4506 
.4518 
.4631 



.4644 
•4657 
.4570 



.6000 



.6018 



.6066 
.6078 
.6091 
.6104 



.6117 
.5180 
.5143 
.6166 



.6169 

.5182 
.5195 
.6208 



.5234 



.6278 
.5286 
.6299 
.6812 



.5362 
.6866 



.6878 
.6891 
.6404 
.6417 



.6846 
.6869 
.6872 



.6911 
.6924 
.6937 



.6961 
.5964 
.5977 
.6990 



.6008 
.6016 



.6066 

.6068 
.6061 
.6094 



.6107 
.6120 
.6133 
.6146 



.6169 
.6172 
.6185 
.6198 



.6811 



.6287 
.0260 



.6667 



,6680 



,6706 
,6719 



.6745 
.6758 
.6771 



.6784 
.6797 
6810 



.6849 
.6802 
.6875 



.0901 
.6914 



.6940 
.6953 



.6979 



,7005 
7018 
7031 



.7044 
.7057 
,7070 
.7C88 



.7600 



.7518 
.7526 
.7589 
.7662 



.7665 
.7578 
.7591 
.7604 



.7617 
.7630 
.7643 
.7656 



.7669 



.7696 
.7708 



.7721 
.7784 

.7747 
.7760 



.7778 
.7786 
.7799 
.7812 



.7826 
.7889 
.7852 
.7865 



.7878 
.7891 
.7904 
.7917 



lO" 



.8846 
.8869 
.8872 



.8411 
.8424 
.8487 



,8461 
.8464 
.8477 
.8490 



.8603 
.8616 



.8648 



.8665 

.8568 



.8694 



.8607 



.8646 



.8672 
.8686 
.8696 



.8711 
.8724 
.8787 
.8780 



11'' 



.9107 



.9180 
.9198 
.9206 
.9219 



.9246 
.9258 
.9271 



.9284 
.9897 
.9810 
.9828 



.9886 
.9849 
.9868 
.987S 



.9401 
.9414 
.9427 



.9440 
.9458 
.9466 
.9470 



.9492 
.9605 
.9618 
.9681 



.9644 
.9607 
.9690 
.9081 
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DECIMALS OF A FOOT FOR EACH Mh OF 
AN INCH 



(y* 



V 



2" 



8" 



6" 



IC' 



11" 



M .0417 



.0480 
.0448 
.0466 
.0409 



.0496 
.0608 



.0684 
,0547 
,0660 
,0578 



.0599 
.0612 



.0661 
.0664 
.0677 



.0708 
.0716 
.0729 



.0742 
.0756 
.0768 
.0781 



.0794 
.0607 
1.0600 



,1260 



.1268 
,1276 
,1289 
,1802 



.1816 
,1828 
,1341 
.1864 



1867 

,1880 



1406 



.1419 
.1482 
.1446 
.1468 



1471 
,1484 
1497 
1510 



1528 
1586 
1649 



1676 
1589 



1615 



1628 
1641 
1654 



.2109 
.2122 
.2185 



.2148 
.2161 
.2174 
.2188 



.2214 



.2805 
.2818 



.2844 



.2857 
.2870 



.2896 



.2409 



,2448 



.2461 
.2474 
.2487 



.2917 



.2980 
.2948 



.2996 
.8006 
.8021 



8084 
8047 
3060 
8078 



8066 
.8099 
,8112 
,8126 



8188 
8151 
8164 
8177 



8190 



8294 
,8807 



8760 



3768 
,8776 
8789 



8815 



8841 
8854 



8867 



8906 



8946 
8968 



.8971 
.8964 
.8997 
.4010 



.4028 
.4036 
.4049 



.4076 
.4069 
.4102 
.4116 



.4128 
.4141 
.4164 



.4688 



4696 
4609 



4685 



.4648 
.4661 
.4674 
.4688 



.4701 
,4714 
.4727 
.4740 



.4758 
.4766 
,4779 
.4792 



.4805 
.4818 
,4881 
.4844 



.4867 
.4870 



,4896 



4909 



,4985 
.4948 



.4961 
.4974 
.4967 



.5417 



.6480 
.6448 
.6456 
.6469 



.5482 
.5496 
.6608 



,6584 
.5547 
.5660 
.5678 



.6612 



,6661 
,5664 
,5677 



,6690 
,5708 
6716 
,5729 



,6742 
5756 
.5768 
,6781 



6794 
,6807 



.6276 
.6289 
.6802 



.6816 



.6841 
.6854 



.6867 
.6880 
.6898 
.6406 



.6419 



.6445 
.6458 



.6471 
.6484 
.6497 
.6610 



.6549 



.6676 
.6689 



6615 



.6641 
.6664 



.7083 



,7096 
,7109 
,7122 
7185 



7148 
7161 
7174 
7186 



7201 
7214 
7227 
7240 



7268 
7266 
7279 



7806 
7818 
7881 
7844 



7857 
7870 
7888 
7896 



7409 



7486 

7448 



7461 
7474 
7487 



.7917 



7980 
7948 
7966 
7969 



.7962 
7996 
.8008 
.8021 



.8084 
.8047 
.8060 
8078 



.8066 
8099 

.8112 
8126 



8188 
8151 
8164 
8177 



8190 
8208 
8216 



8281 



8807 



,8760 



.8768 
.8776 
.6789 
.8802 



.8816 
.8828 
.8841 
.8854 



8867 
.8880 



.8919 



8946 
8958 



.8984 
.8997 
.9010 



9028 



.9049 
.9062 



9076 
9089 
.9102 
9115 



9126 
9141 
.9154 



.96o8 



.9696 
.9609 



.9686 



.9648 
.9661 
.9674 



.9701 
.9714 
.9727 
.9740 



.9753 
.9766 
.9779 
.9792 



.9806 
.9818 
.9881 
.9844 



.0857 
.9870 
.9883 



.9909 



.9986 

.9948 



9961 

9974 

9987 

1.0000 
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DECIMALS OF AN INCH FOR EACH i^th 



SA 


it 


Deoiiiial 


FrMtion 


A 


1 


Bedmal 


fiMkka 


1 
2 


1 
2 
3 
4 


.016626 
.03126 
.046876 
.0626 


1.16 


17 
18 


33 
34 
36 
36 


.616626 
.63126 
.646876 
.6626 


9.16 


3 

4 


6 
6 
7 
8 


.078126 

.09376 

.109376 

.126 


1.8 


19 
20 


37 
38 
39 
40 


.678126 
.69376 
.609376 
.626 


5-8 


6 

6 


9 

10 
11 
12 


.140626 
.16626 
.171876 
.1876 


3-16 


21 
22 


41 
42 
43 
44 


.640626 
.66626 
.671876 
.6876 


11.16 


7 
8 


13 

14 
16 
16 


.203126 
.21876 
.234376 
.26 


1.4 


23 

24 


46 
46 
47 
48 


.703126 
.71876 
.734376 
.76 


3.4 


9 
10 


17 
18 
19 
20 


.266626 
.28126 
.296876 
.3126 


6-16 


26 
26 


49 
60 
61 
62 


.766626 
.78126 
.796876 
.8126 


13-16 


11 
12 


21 
22 
23 
24 


.328126 
.34376 
.369376 
.376 


3-8 


27 
28 


63 
64 
55 
50 


.828126 
.84376 
.869375 
.875 


7-8 


13 

14 


26 
26 
27 
28 


.390626 
.40626 
.421876 
.4376 


7-16 


29 
30 


67 
68 
69 
60 


.890626 
.90626 
.921876 
.9375 


15-16 


16 
16 


29 
30 
31 
32 


.463126 
.46876 
.484375 
.6 


1-2 


31 
32 


61 
62 
63 
64 


.963125 
.96875 
.984375 
1. 


1 
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TABLE OF BATTERS 




1:2 



1:2^ 



1:6 



1:8 



2 
8 
4 
6 
6 
7 
8 
9 
10 
11 
12 
2' 
8' 
A' 
b' 

7' 

w 

15' 
26' 

ay 

85' 

40' 
46' 
60' 



IM' 



4 ' 
6 ' 



1' 

1'6 
2'0 
2' 6 
8'0 
8' 6 
4'0 
4' 6 
5'0 
7' 6 
10' 
12' 6 
15' 
17' 6 
20'0 
22' 6 
26'0 



^■ 



2A" 



10 

11 

12 
2' 
8' 
4' 
5' 
6'0 
7'0| 

8'0; 

10' Oil' 
15' Ui' 
20' 1%' 
25' a" 
80' 2! 
85' 8. 
40'83|^ 
45' 
50^ 



^ 



1 

riK' 

1' 8 ' 

I'lOJ^' 
2' 6 

8' 9 
4'45^' 
6'0 
6'7J^' 
6' 8 



Intermediate lengfths and lengths above those given in the table can 
be found by interpolation. 
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UNITED STATES STANDARD GAUGE 1 


FOR SHEET 


AND PLATE IRON AND STEEL 




Adopted as Standard by American Railway Master Mechanics Asso- | 


ciation and Association ot American Steel Manufacturers. 




1^ 


Wi 




11 


mi 


$1 


M 


It 


0000000 


1-8 


.6 


18.70 


80. 


20.4 


99.601 


0000000 


000000 


15-88 


.46876 


11.91 


18.76 


19.125 


98.876 


000000 


00000 


7-16 


.4876 


11.11 


17.50 


17.85 


87.151 


00000 


0000 


18—38 


.40626 


10.88 


16.86 


16.676 


80.986 


0000 


000 


8-8 


.876 


9.68 


16. 


16.8 


74.701 


000 


00 


11-88 


.84876 


8.78 


18.76 


14.026 


68.476 


00 





6-16 


.8126 


7.94 


18.50 


12.76 


62.251 





1 


9-88 


.28126 


7.14 


11.86 


11.476 


66.026 


1 


8 


17-64 


.866686 


6.76 


10.626 


10.8875 


62.918 


2 


8 


1-4 


.26 


6.86 


10. 


10.2 


49.800 


8 


4 


16-64 


.284876 


6.96 


9.876 


9.5626 


46.688 


4 


5 


7-88 


.21876 


6.66 


8.75 


8.926 


48.675 


6 


6 


18-64 


.208126 


6.16 


8.125 


8.2876 


40.468 


6 


7 


8-16 


.1876 


4.76 


7.5 


7.66 


87.850 


7 


8 


11-64 


.171876 


4.87 


6.875 


7.0126 


84.288 


8 


9 


6-88 


.15625 


8.97 


6.25 


6.876 


81.125 


f 


10 


9-64 


.140626 


8.67 


6.626 


6.7876 


28.018 


10 


11 


1-8 


.126 


8.18 


6. 


6.1 


84.900 


11 


18 


7—64 


.109876 


8.78 


4.876 


4.4626 


21.788 


12 


18 


8-88 


.09876 


8.88 


8.76 


8.825 


18.675 


18 


14 


6—64 


.078125 


1.96 


8.126 


8.1875 


15.568 


14 


16 


9-128 


.0708126 


1.79 


2.8126 


2.86876 


14.006 


16 


16 


1—16 


.0626 


1.69 


2.5 


2.55 


12.450 


15 


17 


9—160 


.06626 


1.48 


2.26 


2.296 


11.205 


17 


18 


1-20 


.06 


1.87 


8. 


2.04 


9.960 


18 


19 


7—160 


.04876 


1.11 


1.76 


1.786 


8.715 


19 


20 


8-80 


.0876 


0.958 


1.50 


1.68 


7.470 


20 


81 


11-880 


.064876 


0.878 


1.875 


1.4026 


6.848 


21 


88 


1—88 


.08126 


0.794 


1.25 


1.275 


6.225 


22 


88 


9-820 


.028186 


0.714 


1.126 


1.1475 


5.606 


28 


84 


1—40 


.026 


0.685 


1. 


1.02 


4.960 


24 


86 


7-820 


.081875 


0.556 


.876 


.8926 


4.858 


25 


86 


8-160 


.01876 


0.476 


.76 


.766 


8.786 


26 


87 


11-640 


.0171876 


0.487 


.6876 


.70125 


8.424 


27 


88 


1—64 


.016625 


0.897 


.625 


.6875 


8.118 


28 


89 


9-M) 


.0140625 


0.867 


.5626 


.57876 


8.801 


29 


80 


1-80 


.0126 


0.818 


.6 


.61 


8.490 


80 


81 


7-640 


.0100876 


0.278 


.4876 


.44625 


8.179 


81 


88 


18-1280 


.01016625 


0.868 


.40626 


.414876 


8.028 


82 


88 


8-820 


.009876 


0.288 


.876 


.8826 


1.868 


88 


84 


11—1280 


.00669876 


0.818 


.84875 


.850626 


1.712 


84 


86 


6-640 


.0078126 


0.198 


.8126 


.81876 


1.666 


86 


86 


9-1280 


.00706126 


0.179 


.28125 


.286876 


1.401 


86 


87 


17—2660 


.006640625 


0.169 


.266625 


.2709876 


1.828 


87 


88 


1-160 


.00686 


0.159 


.25 


.255 


1.246 


88 
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MANUFACTURERS' 
STANDARD SPECIFICATIONS 
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Herised Febroary 6, 19CB. 



STRUCTURAL STEEL 

t. Steel may be made by either the Open-Hearth or 
Bessemer ivocess. 

2. All tests and inspections shall be made at the place 
of mannfactnre prior to shipment. 

8. The tensile strenrth. limitof elasticity and ductility, 
shall be determined from a standard test piece cnt from 
the finished material. The standard shape of the test 
piece for sheared plates shall be as shown by the following 
sketch. 



AiineaM 

TMt H«OM 



About 3" V 






'^'^i 



_P»»l|e[Section_ ^ 

"Not lew than 9'''"; 



!T t T • • • f * 



Ji;WHfc4HLEtc 



-About 18^ 



Abj)ut2* 



Piece to be of same thickness as the plate 

On tests cnt from other material the test piece may be 
either the same as for sheared plates, or it may be planed 
or turned parallel throttffhont its entire length, and in all 
cases where possible, two opposite sides of the test piece 
shall be the rolled surfaces. The elonffation shall be 
measured on an original length of 8 inches except as 
modified in section 12* paragraph c Rivet rounds and 
small bars shall be tested of full size as rolled. 

Two test pieces shall be taken from each melt or 
blow of finished material, one for tension and one for 
bending-; but in case either test develops flaws, or the 
tensile test piece breaks outside of the middle third of its 
g-auged leag-th, it may be discarded and another test piece 
substituted therefor. 

4. Material which is to be used without annealing- or 
further treatment shall be tested in the condition in which 
it comes from the rolls. When material is to be annealed 
or otherwise treated before use, the specimen represent- 
ing such material shall be similarly treated before testingr. 
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Markiiv 



finiih 



Pn>p«rti«8 



Fhjsioal 
Prop«rti«8 

Riret 

StMl 



Steel for 
Rulmy 
Bridges 



Medium 
8Uel 



6. Every finished piece of steel shall be stamped wllfli 
the blow or melt number, and steel for pins shall have the 
blow* or melt number stamped on the ends. Rivet and 
lacing steel, and small pieces for pin plates and stiffeners, 
may be shipped in bundles securely wired together, with 
the blow or melt number on a metal tag attached. 

6. Finished bars shall be free from injurious 
flaws or cracks, and have a workmanlike finish. 



7a. Steel for Buildings, 
Train Sheds, 
Highway Bridges 
and similar structures. 



Maximum Phosphorus 
.10 per cent. 



7d. Steel for \ Maximum Phosphorus 

. Railway Bridges, f .08 per cent 

8. Structural steel shall be of three grades. Rivet, 
Railway Bridge and Medium. 

9. Ultimate strength, 48,000 to 68,000 pounds i>er square 
inch. 

Elastic limit, not less than one-half the ultimate 
strength. 

1,400,000 



Percentage of elongation. 



ultimate strength* 



Bending test, 180 degrees flat on itself, without frac- 
ture on outside of bent portion. 

la Ultimate strength, 56,000 to 65,000 pounds i>er square 
inch. 

Elastic limit,. not less than one-half the ultimate 
strength. 

1 400 000 
Percentage o£ elongation, ^iti^^e ;trengtl. - 

Bending test, 180 degrees to a diameter equal to 
thickness of piece tested, without fracture on outside of 
bent portion. 

11. Ultimate strength, 60,000 to 70,000 i>ounds per square 
inch. 

Elastic limit, not less than one-half the ultimate 
strength. 

« ^ r 1 .1 1,400,000 

Percentage of elongation, ultimate ^trengtg ' 

Bending test, 180 degrees to a diameter equal to 
thickness of piece tested, without fracture on outside of 
bent portion. 
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18. For material less than A inc^ ^nd more than ^ 

iA Inch In thickness, the following modifications shall t>e 

IkMigatiMi made in the requirements for elongation : 

fbr thin and 

jy , a. For each increase of 54 inch in thickness above ^ 

^^^. inch, a deduction of 1 i>er cent, shall be made from the 

specified elongation, except that the minimum elongation 

shall be 80 i>er cent for eye>bar material and 18 per cent. 

for other structural material. 

6. For each decrease of tV inch in thickness below A 
inch, a deduction of 2% per cent, shall be made from the 
specified elongation. 

c. In rounds of f^ inch or less in diameter, the elonga- 
tion shall be measured in a length equal to eight times 
the diameter of section tested. 

d. For pins made from any of the before-mentioned 
grades of steel, the required elongation shall be 6 per 
cent less than that specified for each grade, as determined 
on a te&t piece, the center of which shall be one inch from 
the surface of the bar. 

TariAtion in 18. The variation in cross-section or weight of more 

¥«igkt than 85^ per cent from that specified will be sufficient 

cause for rejection, except in the case of sheared plates* 
which will be covered by the following permissible vari- 
ations : 

a. Plates 125^ pounds per square foot or heavier, up to 
100 inches wide, when ordered to weight, shall not average 
more than 2% per cent variation above or 2% per cent 
below the theoretical weight When 100 inches wide and 
over, 6 per cent above or 6 per cent below the theoretical 
weight 

d. Plates under 125^ pounds per square foot, when 
ordered to weight, shall not average a greater variation 
than the following : 

Up to 76 inches wide, 2% i>er cent above or 2% per 
cent below the theoretical weight 76 inches wide up to 
100 inches wide, 6 per cent above or 8 per cent below the 
theoretical weight When 100 inches wide and over, 10 per 
cent above or 8 per cent below the theoretical weight 

c. For all plates ordered to gauge, there will be per* 
mitted an average excess of weight over that correspond* 
ing to the dimensions on the order equal in amount to that 
specified in the following table ; 



LJigitizedbyGoOgl 



CARNEGIE STEEI* COMPANY 



226 



TABLE OF ALLOWANCES FOR OVER- 
WEIGHT FOR RECTANGULAR PLATES 
WHEN ORDERED TO GAUGE 

Plates wUl be considered up to gauge if measuring not 

over T^v inch less than the ordered gauge. 

The weight of 1 cubic inch of rolled steel is assumed to 

be 0.8888 pound. 



PLATES H INCH AND OVER 


IN THIOKNC88 






WmL of Plato 




Thiifbifffff Af 








Platan Iiuh 


UptoTSineliee 


TStolOOinehee 


Over 100 tolls 
inohet 
Per cent. 


OrarllSinehet 




Percent. 


Percent 


Percent 


H 


10 


14 


18 




A 


8 


12 


16 




H 


7 


10 


18 


17 


A 


6 


8 


10 


18 


'A 


6 


7 


9 


18 


fk 


4}^ 


6K 


8K 


11 


H 


4 


6 


8 


10 


Overfg 


9V. 


5 


6K 


9 



PLATES UNDER ^ INCH IN THICKNESS 



nicfaumofPlato^ 


Width of Plato 


Inek 


UptoSOinchet 
Percent. 


50to70 inches 
Percent 


OTerTOinchet 
Percent 


J^nptoA 
A up to A 
AnptoK 


10 
7 


16 

10 


90 
17 
16 
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SPECIFICATIONS FOR WORKMANSHIP 

Iiiipe«tioii 1. Inspection of work shall be made as it progresses 

and at as early- a period as the nature of the work permits. 
S. All workmanship must be first-class. All abutting 
surfaces of compression members, except flanges of plate 
girders where the joints are ftilly spliced, must be planed 
or turned to even bearings so that they shall be in such 
contact throughout as may be obtained by such means. 
All finished surfaces must be protected by white lead and 
tallow. 

8. The rivet holes for splice plates of abutting mem- 
bers Shall be so accurately spaced that when the members 
are brought into position the holes shall be truly opposite 
before the rivets are driven. 

4. Rollers must be finished perfectly round and roller- 
beds planed. 

RiT«ti 6w The pitch of rivets in all classes of work shall never 

exceed 6 in., nor Id times the thinnest outside plate, nor be 
less than 8 diameters of the rivet. The rivets used shall 
generally be fi, ^ and Ji in. diameter. The distance be- 
tween the edge of any piece and the center of a rivet hole 
must never be less than IJ^ in., except for bars less than 
2% in. wide. When practicable it shall be at least 2 diame- 
ters of the rivet. Rivets must completely fill the holes, 
have full heads concentric with the rivet, of a height not 
less than .6 the diameter of the rivet, and in full contact 
with the surface, or be coimtersunk when so required, and 
machine-driven wherever practicable. 

Pukflhing 6. The diameter of the punch shall not exceed by more 

than ^ in. the diameter of the rivets to be used, and all 
holes must be clean cuts without torn or ragged edges. 
Rivet holes must be accurately spaced ; the use of drift 
pins will be allowed only for bringing together the several 
parts forming a member, and they must not be driven 
with such force as to disturb the metal about the holes. 

7. Built members must, when finished, be true and free 
from twists, kinks, buckles or open joints between the 
component pieces. 
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l7«-tanaa4 & All pin-boles must be accurately bored atright angle* 

Pin-kolM ^Q ^Q ^jjjg q£ tijg members, unless otherwise shown in the 

drawings, and in pieces not adjustable for length no vari- 
ation of more than ^ of an inch will be allowed in the 
length between centers of pin-holes ; the diameter of the 
pin-holes shall not exceed that of the pins by more than 
^ in., nor by more than ^ in. for pins under 85^ in. diame- 
ter. Bye-bars must be straight before boring ; the holes 
must be in the center of the heads, and on the center line 
of the bars. Whenever eye-bars are to be packed more 
than $4 of an inch to the foot of their length out of parallel 
with the axis of the structure, they must be bent with a 
gentle curve until the head stands at right angles to the 
pin in their intended positions before being bored. All 
eye-bars belonging to the same panel, when placed in a 
pile, must allow the pin at each end to pass through at the 
same time without forcing. No welds wiU be allowed in 
the body of the bar of eye-bars, laterals or counters, ex 
cept to form the loops of laterals, counters and sway rods; 
eyes of laterals, stirrups, sway rods and counters must be 
bored ; pins and lateral bolts must be finished perfectly 
round and straight, and the party contracting to erect the 

nioi-Biiti work must provide pilot-nuts where necessary to preserve 

the threads while the pins are being driven. Thimbles 
or washers must be used whenever required to fill the 
vacant spaces on pins or bolts. 

imtjiaiiiip 9. In all cases where a steel piece in which the full 

Strength is required has been partially heated the whole 
piece must be subsequently annealed. All bends in steel 
must be made cold, or if the degree of curvature is sa 
great as to require heating, the whole' piece must be sub- 
sequently annealed. 

Mftting 10. All surfaces inaccessible after assembling must be 

well painted or oiled before the parts are assembled. 

11. The decision of the engineer diall control as to the 
interpretation of drawings and specifications during the 
execution of work thereunder, but this shall not deprive 
the contractor of his right to redress, after the completion 
of the work, for an improper decision. 
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STANDARD SPECIFICATIONS FOR 
STEEL RAILS 

(January 1, 1899) 

ChoniMl t 501bi.iip 601bs.iip 701bi.iip 

OompMitiMi toeoiba. to701bs. toSOlbi. 

Carbon 85 to .46 .88to.48 .40to.60 

Phosphoma .... not over .10 not over . 10 not over . 10 

Silicon not over .20 not over .20 not over .2( 

Manganese TOtol.OO .TOtol.OO .76 to 1.06 

80 lbs. up 90 lbs. up 

toOOlbs. tolOOlbs. 

Carbon 48to.58 .45to.56 

Phosphorus not over. 10 not over .10 

Silicon. not over .20 not over. 20 

Manganese 80 to 1.10 .80 to 1.10 

Sfldtion 2. Unless otherwise specified, the section of rail shall 

be the American Standard, recommended by tho American 
Society of Civil Engineers, and shall conform, as accu- 
rately as possible, to the templet furnished by the Railroad 
Company, consistent with Clause No. 8, relative to speci- 
fied weight An allowance in height of ^ of an inch under 
and ^ of an inch over, will be permitted. A perfect fit of 
the splice bars, however, shall be maintained at all times. 

VtigU a The weight of the rails shall be maintained as near 

as possible, after complying with Clause No. 2, to that 
specified in contract A variation ot % ot 1 per cent for 
an entire order will be allowed. Rails shall be accepted 
and settled for according to actual weight 

Lengtli 4. The standard length of rails shall be 80 feet Ten 

per cent of the entire order will be accepted in shorter 
lengths, varying by even feet down to 24 feet A variation 
of }^ inch in length from the lengths specified will be 
allowed. 
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6. The name of the maker and the month and year oc 
mannfacture shall be rolled in raised letters on the side of 
the web, and the number of the heat shall be stamped on 
•achrail. 

WOOag 8. Circular holes for splice bars shall be drilled in ac- 

cordance with specifications of purchaser. They ihall be 
accurate to drawing and dimensions furnished in every 
re8i>ect, and free from burrs. 

HaiiUng 7. Rails to be straightened while cold, to be smooth on 

head, to be sawed square at ends, and, prior to shipment, 
to have the btirr occasioned by the Saw cutting removed, 
and to have ends made clean. They are to be free from 
injurious defects and flaws of all kinds. 

b^Mtioa a The insi>ector, representing the purchaser, shall 

have free access to the works of the manufacturer at all 
times while his contract is being executed, and shall have 
all reasonable facilities afforded to satisfy him that the 
rails are being made in accordance with specifications. 
The manufacturer shall furnish the inspector, daily, with 
carbon determinations of each heat, and a complete chemi- 
cal analysis every twenty-four hours, representing the 
average of the other elements contained in the steel. 

loi t BaOi 0. Rails which possess any injurious physical defects,. 

or for any other cause are not suitable for first quality* 
shall be considered No. 2 Raila 
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STANDARD SPECIFICATIONS FOR 
STEEL SPLICE BARS 

(January 1, 1899) 

^hernial 1. Carbon, not to exceed 0.15 i>er cent. 

OompositiQii Phosporous, not to exceed 0.10 per cent. 

Manganese 0.40 to 0.60 per cent. 

Thjsical 2. Test pieces cut from head of splice bar must show: 

Properties 

a. Ultimate strength, 54,000 to 64,000 lbs. per square 
inch. 

b. Elastic limit, not less than one-half the ultimate 
strength. 

c. Elongation, not less than 25 per cent, measured in 8 
in. (208 millimeters). 

d. Bending test, 180 degrees flat on itself without frac 
ture on outside of bent portion. 

finish 8. All splice bars shall be smoothly rolled and true to 

templet. The name of maker and year of manufacture 
shall be rolled in raised letters on the side of the bar. 
^he bars shall be sheared accurately to lengths and free 
from fins or cracks, and shall be perfect fit to the rails for 
which they are intended. 
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Ydlouoshlp 4. The punching and notching: of Splice Bars must Do 

accurate in every- respect to drawing and dimensions 
furnished. 

6. The inspector, representing the purchaser, shaU 
have free access to the works of the manufacturer at all 
times while his contract is being executed, and shall have 
all reasonable facilities afforded to satisfy him that splice 
bar" are being made in accordance with specifications. 
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NOTES ON STEEL AND IRON 

1. The aver Age weight of wrought iron is 480 lbs. per cubic foot. A 
bar 1 inch square and 8 feet long weighs, therefore, exactly 10 Iba 
Hence s 

To find the sectional area^ given the weight per foot : 

Multiply by *. 

To find the weight per foot ^ given the sectional area : 

Multiply by V. 

& The weight of steel is 8 per cent, greater than that of wrought iron 

To find sectional area^ given weight per foot : 

Divide by 8.4. | 

To find weight per foot ^ given sectional area : 

Multiply by 8.4. 

8. The center load at which a bar of wrought Iron 1 in. square, and 
18 in. center to center of points of support, will give way is very nearly 
i7if^/(;» (of 8,240 lbs.). 

4. Within the elastic limit the extension and compression of wrought 
iron is very nearly xv^ of its length for a stress of one ton (of 8,840 lbs.) 
per square inch. 

For cast iron this ratio is f^ for tension, but becomes variable for 
compression. 

6. The contraction or expansion of wrought iron under changes of 
temperature is about xoiwof its length, for a variation of 16o Fahrenheit. 

The stress thus induced, if the ends are held rigidly fixed, will be 
about one ton (of 8,240 lbs.) per square inch of cross-section. 

8. The coefficient of expansion of wrought iron for 100^ Fahrenheit 
is 0.000686. Therefore, for a variation in temperature of 186^, a bar of 
wrought iron 100 feet long will expand or contract 1.089 inches. 

Conversely : A change in length of 1 inch per hundred feet would be 
produced by a variation in temperature of I8I.50 Fahrenheit. 

7. The melting point of iron and steel is about as follows s 

Wrought iron, 8,000o Fahrenheit 

Cast iron, 8,000o " 

Steel, 8,4000 •* 

a The welding heat of wrought iron is 8,788? Fahrenheit. 



MISCELLANEOUS NOTES 

L Thrust of arch per lineal foot : 
1.5 wl* 
Trs— ^ 1 in which WB load per square foot, r a rise in an^ 

in inches, and 1 ss span in feet. 

8. Approximately the radius of gyration for a box section is ^ th« 
St side. 
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SAFE LOADS UNIFORMLY DISTRIBUTED FOU 

RECTANGULAR SPRUCE OR WHITE 

PINE BEAMS ONE INCH THICK 

The following table has been calculated for extreme fiber stresses 
of 750 lbs. per square inch corresponding to the following values for 
Moduli of Rupture recommended by Prof. Lanza, viz.: 

Spruce and white pine 8,000 lbs. 

Oak 4,000 " 

Yellow pine 5,000 " 

For oak increase values in table by ^. For yellow pine increase 
values in table by %. 

The safe load for any other values pjer square inch i^ found by 
increasing or decreasing the loads given in the table in the same pro- 
portion as the increased or decreased fiber stress. 



il 










Beptii of Beam 
























6' 


T 


8' 


9- 


lo- 


11- 


12- 


13' 


14- 


16' 


le- 


6 


600 


820 


1070 


1850 


1670 


2020 


2400 


2820 


8270 


8750 


4270 


6 


600 


680 


890 


1120 


1390 


1680 


2000 


2850 


2780 


8120 


8560 


7 


480 


680 


760 


960 


1190 


1440 


1710 


2010 


2880 


2680 


8060 


8 


880 


610 


670 


840 


1040 


1260 


1500 


1760 


2040 


2840 


2670 





880 


460 


690 


760 


980 


1120 


1880 


1660 


1810 


2080 


2870 


10 


800 


410 


580 


670 


880 


1010 


1200 


1410 


1680 


1880 


2180 


11 


270 


870 


490 


610 


760 


920 


1090 


1280 


1490 


1710 


1940 


12 


260 


840 


440 


660 


690 


840 


1000 


1180 


1860 


^1560 


1780 


18 


280 


810 


410 


520 


640 


780 


980 


1080 


1260 


1440 


1640 


14 


210 


290 


880 


480 


690 


720 


860 


1010 


1170 


1840 


1580 


15 


200 


270 


860 


460 


660 


670 


800 


940 


1090 


1250 


1420 


16 


190 


260 


880 


420 


620 


680 


760 


880 


1020 


1180 


1880 


17 


180 


240 


810 


400 


490 


690 


710 


890 


960 


1100 


1260 


18 


170 


280 


290 


870 


460 


660 


670 


780 


910 


1040 


1190 


19 


160 


210 


280 


860 


440 


680 


680 


740 


860 


990 


1180 


90 


150 


200 


270 


840 


420 


610 


600 


710 


820 


940 


1070 


21 


140 


190 


260 


820 


890 


480 


670 


670 


780 


890 


1020 


22 


140 


190 


240 


810 


880 


460 


640 


640 


740 


860 


970 


28 


180 


180 


280 


290 


860 


440 


520 


610 


710 


810 


920 


24 


180 


170 


220 


280 


860 


420 


600 


690 


680 


780 


890 


26 


120 


160 


210 


270 


880 


410 


480 


660 


660 


760 


880 


26 


110 


160 


210 


260 


820 


890 


460 


640 


680 


720 


820 


27 


110 


160 


200 


260 


810 


870 


440 


520 


610 


690 


790 


28 


110 


140 


190 


240 


800 


860 


480 


600 


580 


670 


760 


29 


110 


140 


180 


280 


290 


860 


410 


490 


500 


640 


740 



To obtain the safe load for any thickness: Multiply values for 1 inch 
by thickness of beam. 

To obtain the required thickness for any load: Divide by safe load 
for 1 inch. 
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8AFB LOADS FOR RECTANGULAR WOODEN 
PILLARS (SEASONED) 



/a length of pillar in inches. 
dm width of smallest side in inches. 



TelloT Pint (Soathtm) 
1125 



1+- 



llOOrf" 



▼MteOak 



*"* ll(Xk/" 



VbitoPineiadSproM 
800 



1+- 



llOU/« 



These formnlse give safe loads of one-forth the ultimate strengfth 
for short pillars decreasing to one-fifth the ultimate for long pillars. 



lUtioafUngft 

to 


8aft iMd hi Ponndi per Sqiurt hudi of Saotion 


/ 

"IT 


TeQovPiiM 
(SoQllieni) 


'VliiteOak 


irUtaHneaiii 


13 
14 
16 

18 
20 


995 
955 
918 

869 

825 


818 
785 
750 
715 
678 


707 
679 
649 
618 

587 


23 
24 
26 
28 
80 


781 
738 
697 
657 
619 


642 
607 
575 
541 
509 


556 
525 
495 
467 
440 


82 
84 
86 
88 
40 


588 
549 
516 

487 
458 


479 
451 
425 
400 
877 


414 
890 
867 
846 
826 
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SAFE LOADS IN TONS OF 2,000 LBS. FOR 
SQUARE WOODEN PILLARS 



0iianpp<Hrt«d 

Length of 

Column in 

Feet 



Sm cf mar la IntibM 



6x6 



8x8 



QxQ lOxlO 



12x12 



14x14 16x16 



WHITE PINE OR SPRUCE 



10 
12 
14 
16 
18 

ao 

22 
24 



12.80 
11.70 
10.60 
0.54 
8.46 
7.88 



22.7 


29.6 








21.8 


28.0 


85.5 






10.8 


26.8 


88.7 


61.1 




18.4 


24.7 


81.9 


49.0 


00.6 


17.0 


23.1 


80.1 


46.8 


67.0 


15.5 


21.6 


28.8 


44.7 


64.5 


14.1 


19.8 


26.5 


42.5 


62.0 




18.2 


24.7 


40.8 


59.5 


.... 




22.9 


88.2 


57.0 



WHITS OAK 



6 

8 
10 
12 
14 
16 
18 
20 
22 
24 



14.80 
18.60 
12.20 
11.00 
9.78 
8.64 



26.2 


84.0 








24.6 


82.4 


41.0 






22.7 


80.4 


89.1 


69.1 




21.1 


28.4 


86.7 


66.9 


80.4 


19.5 


26.5 


84.6 


64.0 


77.8 


17.8 


24.7 


82.4 


51.1 


74.5 


16.8 


22.7 


80.5 


49.0 


71.8 




21.1 


28.2 


46.1 


68.8 


.... 


.... 


26.4 


48.9 


65.5 



YELLOW PINE 









( 


SOUTH KH 


n) 






6 


18.0 














8 


16.4 


82.0 


41.6 










10 


14.9 


29.9 


89.4 


60.0 








12 


18.8 


2r.8 


86.9 


47.6 


72.0 






14 


11.9 


25.8 


84.7 


44.7 


69.1 


98.0 


182.0 


16 


10.4 


28.7 


82.8 


42.8 


66.5 


94.6 


128.0 


18 




21.8 


80.0 


89.5 


62.6 


90.7 


124.0 


20 




19.8 


2r.8 


87.0 


59.8 


86.9 


120.0 


22 






25.7 


84.6 


66.2 


88.6 


115.0 


24 


.... 


.... 




82.« 


63.8 


80.0 


111.0 
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STRENGTH OF MATERIALS 



ULTIMATE RK8I8TANOK TO TENSION IN LBS. PKR SQUARK INCH 

METALS AND ALLOYS 

Aluminum Bronze ivenge 

10 per cent. Al. and 90 per cent. Copper 86000 

IJ^ " " 98K " " 28000 

Brass, cast 18000 

" wire 40OOO 

Bronze or gun metal 30OOO 

Copper, cast lOCXX) 

" sheet 30000 

bolts • 86000 

" wire (unannealed) . 60000 

Iron, cast, 18,400 to 29,000 16600 

** wire, black or annealed 66000 

" bright hard drawn 78400 

Lead, sheet 3300 

Steel 46000tol20000 

** Aluminum 2i per cent. Aluminum 70(XX> 

•* Copper, 85 per cent. Copper 60000 

•* Nickel, 8J< per cent. Nickel 860CX> 

" cast, wire, crucible 2240OO 

" " Bessemer 89600 

" " high carbon 179200 

' »♦ mild O. H 134000 

The modulus of elasticity of steel from recent tests is from 27,000,000 
to81,006,00a Average, 29,000,000. 

Tin, cast 4600 

Zinc 7CX)0to800O 
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STRENGTH OF MATERIALS-Contlnuod 



TIMBER, SEASONED, AND OTHER ORGANIC FIBER 

Taken largely from Trautwine's pocket book (edition of 1891) 

kffng9 
Ash, English 16000 

** American IQ&OO 

Beech, English 11600 

Birch 16000 

Cedar of Lebanon 1 1400 

*^ American, red 10800 

Fir or Spruce 10000 

Hempen Ropes 1200Oto 16000 

Hickory, American 1 lOOO 

Mahogany 8000 

Oak, American,^white . 10000 

" European lOOOO 

Pine, American, white, red and pitch, Memel, Riga . . . lOOOO 

*' " long leaf yellow .... 12600 to 19200 

Poplar 7000 

Silk fiber 20000 

Walnut, black 8000 

STONE, NATURAL AND ARTIFICIAL 

Brick and cement 280 to 800 

Glass 2560 

Slate 2400to4600 

Mortar, ordinary lime 10 to 20 

ULTIMATE RKSiSTANOB TO OOMPRK8SION 
METALS 

Brass, cast 10300 

Iron •* ..... ... 86000 to 125000 

Steel • , . . , 46000to 120000 
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STRENGTH OF MATERIALS-Continuod 



TIMBER, SEASONED. COMPRESSED IN THE 
DIRECTION OF THE GRAIN 

Taken largely from Trautwine's pocket book (edition of 1891) 

ivengc 

Ashf American 6800 

Beech »* 7000 

Birch 80OO 

Cedar of Lebanon 6900 

" American, red 6000 

Chestnut 6300 

Deal, red 6600 

PirorSpmce 60OO 

Hickory 8000 

Oak, American, white 7000 

" British lOOOO 

" Dantzig 7700 

Pine, American, white 6400 

" " long leaf yellow 8500 

Walnut, black 80OO 

STONE. NATURAL AND ARTIFICIAL 

Brick, weak 660to800 

" strong IIOO 

"fire 1700 

Brick work, ordinary, in cement 800 to 600 

" best lOOO 

Glass 300OO 

Granite . • 6000 to 18000 

Limestone 4000 to 16000 

Sandstone, ordinary 2600 to lOOOO 

ULTIMATE RK8I8TANOE TO SHEARING 

METALS 

Iron, cast 26000 

Steel • . . 6000O 

TIMBER. SEASONED, ALONG THE GRAIN 

White Pine, Spruce, Hemlock 260 to 60O 

Yellow Pine, long leaf 300to60O 

Oak 400to70O 
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SPECIFIC GRAVITY OF VARIOUS SUBSTANCES 



IiBMofSaMum 


GnTitf 


lamMofSabftanow 


GrsTitj 


Amber 

Anthracite 

Asphaltum 

Beech 

B^^^jJSu'ed- : : : : : 


a60 
2.76 

1.06 
1.40-1.70 
1.10-1.20 

a86 

a4o-a70 

&67 

1.68-2.80 

1.85 

0.44 


Magnesium 

Mahogany 

Maple, dry 

Marble 

Masonry, stone, dry . . 

brick, "... 

Mercury, a. 82^ Pah . . . 

Mica 


1.74 

0.70 

2.62-2.85 

2.00-2.66 

1.60-1.60 

1&596 

2.80 


Brick, common, hard . . 
Cement, ground, loose . . 
Charcoal 


Oak, dry 

Petroleum, at 69* Pah. . . 
Pino 


a69-1.08 

0.80 

0.86-0.60 


i^ueriy, ury 

Clay, drv 


u.<o-ii.o» 
1.80-2.60 


Platinum jcas^^Ved.- .' 

Quartz 

Saltpetre, Chili . . . . 

♦♦ Kali .... 

Sand, fine, dry 

" wet 

" coarse 

Sandstone 

Silver] ~^^,-,^- ; ; ; 

Slate 


21.16 


Coal, bituminous . . . . 

Coke, loose 

Concrete 

copper] ?s5\d: : : : : 

Diamond 

Earth, humus 

Glass, common window . 

Gneiss, common .... 

cast, pure or 24 


1.20-J.50 

0.55 

2.47 

8.79 
8.78-9.00 

8.52 
1.80-1.80 

2.64 
2.40-2.70 

19.28 
19.88 

2.50-8.00 

0.97 

aoo 

088-0 92 


21.8-21.5 

2.5-2.80 

2.26 

1.96-2.06 

1.40-1.66 

1.90-2.06 

1.40-1.50 

2.20-2.60 

10.48 
10.62 

2.60-2.70 


GoldK carat 

pure hammered 

Granite 


Snow, freshly fallen . . 
Steel 


0.19 
7.26-7.86 


Gypsum, cast, dry . . . 

Hornblende 

Ice 


Sulphur 

Sodium 

rwM^ j cast 

^'^Irolled 

-ixro4>««. J pure rain or dis- 
^****^ 1 tilled, at 89«» Pah. 

/* sea 

Wahiut,dry 

Wax 


1.98-2.07 

0.978 

720 


i'oHS?o«ght: : : : : 

Ivory 

Lead 


7.10-7.50 
7.79 

1.82 

11.87 

2.80^20 

1.80-1.40 

2.46-2.84 


7.80 

1.00 
1.08 


Lime 


0.60-0.81 
0.95-0.96 


Lime, slacked 

Limestones 


2inc{-s\,; : : : : : 


6.90 
7.20 
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WEIGHT OF A CUBIC FOOT OF SUBSTANCES 

inng* 

luBMcfSiibiteuct Weirki 

iS. 

Alaminum ... 162 

Anthracite, solid, of Pennsylvania 93 

" broken, loose 64 

** ** moderately shaken 58 

** heaped bushel, loose (80) 

Ash, American, white, dry 38 

Asphaltum 87 

Brass (Copper and Zinc), cast 604 

" rolled 624 

Brick, best pressed 160 

" common, hard 126 

" soft, inferior lOO 

Brickwork, pressed brick 140 

♦♦ ordinary 112 

Cement, hydraulic, ground, loose, American Rosendale . . 66 

»* " " *• " Louisville . . 60 

" " " " English, Portland ... GO 

Cherry, dry 42 

Chestnut, dry 41 

Clay, potters', dry 119 

'* in lump, loose 63 

Coal, bituminous, solid 84 

" ** broken, loose 49 

*' '* heaped bushel, loose (74) 

Coke, loose, of good coal 26.3 

" ♦* heaped bushel (40) 

Copper, cast 642 

" rolled 648 

Earth, common loam, dry, loose . 76 

•' ** ** •* moderately rammed • • • • 96 

^ as a soft flowing mud • • • • 108 

Ebony, dry 76 

Elm, dry ••••• 36 

Flint 162 
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WEIGHT OF SUBSTANCES-Continuoci 



HamesofSabfiuuei Weirlii 

Glass, Gosmnon window 167 

Gneiss, common 138 

Gold, cast, pure, or 24 carat 1204 

" pure, hammered 1217 

Grain, at 60 lbs. per bushel 48 

Granite 170 

Gravel, about the same as sand, which see. 

Gypsum (plaster of paris) . 142 

Hemlock, dry ......,..,, 26 

Hickory, dry , 63 

Hornblende, black • • • • . 203 

Ice 68.7 

Iron, cast 460 

•* wrought, purest • • • 486 

** ** average , 480 

Ivory 114 

Lead 711 

Lignum Vitae, dry « , 83 

Lime, quick, ground, loose, or in small lumps • . • • 63 

•* ** " " thoroughly shaken .... 76 

" " ** »* per struck bushel .... (66) 

Limestones and marbles . 168 

** ** loose, in irregular fragments . . 06 

Magnesium 100 

Mahogany, Spanish, d^y ......... 63 

" Honduras, dry , . 36 

Maple, dry 40 

Marbles, see Limestones. 

Masonry, of granite or limestone, well dressed .... 166 

" »♦ mortar nibble 164 

" " dry " (well scabbled) 138 

** ** sandstone, well dressed 144 

Mercury, at 820 Fahrenheit 840 

Mica 183 

Mortar, hardened 103 

Mud, dry, dose SO to 110 

Mud, wet, fluid, maximum 120 

Oak. live, dry . 60 
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WEIGHT OF SUBSTANCES-Contlnued 



Kamei of SabftanoM ¥drtt 

iS. 

Oak, white, dry 60 

*' other kinds 32 to 46 

Petrolettm 66 

Piue« white, dry 26 

*' yellow. Northern 34 

" " Southern 46 

Platinnm 1342 

Onartz, common, pnre 166 

Rosin 69 

Salt, coarse, Syracuse, N. T 46 

** Liverpool, fine, for table nse 49 

Sand, of pnre quartz, dry, loose 90 to 106 

" well shaken 99 to 117 

" perfectly wet 120 to 140 

Sandstones, fit for buildiuff 161 

Shales, red or black 162 

Silver 666 

Slate 176 

Snow, freshly fallen . . . 6 to 12 

" moistened and compacted by rain 16 to 60 

Spruce, dry .... 26 

Steel 490 

Sulphur 126 

Sycamore* dry 37 

Tar 62 

Tin, cast 469 

Turf or Peat, dry, nnpressed 20 to 30 

Walnut, black, dry 38 

Water, pure rain or distilled, at 60° Fahrenheit 62^ 

"sea 64 

Wax, bees 60.6 

Zinc or Spelter 437.6 

Green timbers usually weiffh from one-fifth to one-half more than dry. 
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LINEAR EXPANS40N OF SUBSTANCES 
BY HEAT 

To find the increase in the length of a bar of any material 
due to an increase of temperature, multiply the number of 
degrees of increase of temperature by the coefficient for 100 
degrees and by the length of the bar and divide by 100. 



Inu cfSahftanM 



Oo«ffidentfbrl00o 
fahrenheit 



OodBdintforlSOo 

Fahnnhflit^ or lOQo 

G«ntignult 



Baywood (in the direction of the 

grain, dry) .... 
Brass (cast) 

»' (wire) 

Brick (fire) 

Cement (Roman) .... 

Copper 

Deal (in the direction of the grrain, 

dry) 

Glass (English flint) . 

** (French white lead) . 

Gold 

Granite (average) 

Iron (cast) 

** (soft forged) . 

«' (wire) 

Lead 



■\ 



Marble (Otrrara) 



Mercury . 
Platintmi 

Sandstone 



Silver 

Slate (Wales) 

Water (varies considerably with the j 
temperature) .... 



.0(X)26 

TO 
.0CX)31 
.00104 
.00107 
.0003 
.(XX>8 
.0009 

.00024 

.00046 

.CXX)48 

.0008 

.0CX)47 

.OCKDe 

.CKX)7 

.0008 

.0016 

.0CX)36 

TO 

.0006 
.(X>88 
.0006 
.(XX)6 

TO 

.0(X)7 
.0011 
.0006 

.0086 



.(X)046 

TO 

.00067 

.00188 

.00193 

.0CX)6 

.0014 

.0017 

.00044 

.(XX>81 

.0(X)e7 

.0016 

.00086 

.0011 

.0012 

.0014 

.0029 

.00066 

TO 

.0011 
.0060 
.0009 
.0009 

TO 

.0012 

.002 

.001 

J0165 
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AREAS OF FLAT ROLLED STEEL 




For Thicknesses from A in. to 8 in. and Widths from 1 in. to MJf fm. 




1' 


IX' 


IK' 


IX' 


2' 


2X' 


2X' 


2X' 


12' 


ft 


.063 


.078 


.094 


.109 


.125 


.141 


.166 


.172 


.750 


.125 


.156 


.188 


.219 


.250 


.281 


.318 


.844 


1.60 


ti 


.188 


.234 


.281 


.828 


.375 


.422 


.469 


.516 


2.25 


.250 


.818 


.375 


.438 


.500 


.563 


.625 


.688 


3.00 


* 


.818 


.891 


.469 


.547 


.625 


.708 


.781 


.859 


8.75 


.875 


.469 


.563 


.656 


.750 


.844 


.938 


1.08 


4.60 


* 


.488 


.547 


.656 


.766 


.875 


.984 


1.09 


1.20 


5.25 


.500 


.625 


.750 


.875 


1.00 


1.13 


1.25 


X88 


6.00 


J 


.568 


.703 


.844 


.984 


1.18 


1.27 


1.41 


1.65 


6.76 


.625 


.781 


.938 


1.09 


1.25 


1.41 


1.56 


1.72 


7.50 


^ 


.688 


.859 


1.03 


1.20 


1.38 


1.55 


1.72 


1.89 


8.25 


3^ 


.750 


.938 


1.13 


1.31 


1.50 


1.69 


1.88 


2.06 


9.00 


s 


.818 


1.02 


1.22 


1.42 


1.68 


1.83 


2.03 


2.23 


9.76 


.875 


1.09 


1.31 


1.53 


1.75 


1.97 


2.19 


2.41 


10.60 


H 


.938 


1.17 


1.41 


1.64 


1.88 


2.11 


2.34 


2.58 


11.25 


1 


1.00 


1.25 


1.50 


1.75 


2.00 


2.25 


2.50 


2.75 


12.00 


lA 


1.06 


1.33 


1.59 


1.86 


2.18 


2.39 


2.66 


2.92 


12.76 


iM 


1.13 


1.41 


1.69 


1.97 


2.25 


2.53 


2.81 


8.09 


13.50 


IS 


1.19 


1.48 


1.78 


2.08 


2.88 


2.67 


2.97 


8.27 


14.25 


1.25 


1.56 


1.88 


2.19 


2.50 


2.81 


8.13 


8.44 


15.00 


!ft 


1.81 


1.64 


1.97 


2.30 


2.63 


2.95 


3.28 


8.61 


15.75 


1.38 


1.72 


2.06 


2.41 


2.75 


3.09 


3.44 


3.78 


16.50 


IS 


1.44 


1.80 


2.16 


2.62 


2.88 


3.23 


8.59 


3.95 


17.25 


1.50 


1.88 


2.25 


2.63 


3.00 


3.38 


3.75 


4.18 


18.00 


IS 


1.56 


1.95 


2.34 


2.73 


8.13 


3.52 


8.91 


4.30 


18.75 


1.68 


2.03 


2.44 


2.84 


3.25 


3.66 


4.06 


4.47 


19.50 


!U 


1.69 


2.11 


2.53 


2.95 


8.38 


8.80 


4.22 


4.64 


20.25 


1.75 


2.19 


2.63 


3.06 


3.50 


3.94 


4.88 


4.81 


21.00 


a 


1.81 


2.27 


2.72 


3.17 


8.68 


4.08 


4.68 


4.98 


21.75 


1.88 


2.34 


2.81 


3.28 


8.75 


4.22 


4.69 


6.16 


22.50 


1« 


1.94 


2.42 


2.91 


3.39 


8.88 


4.36 


4.84 


5.88 


28.25 


3 


2.00 


2.50 


3.00 


3.50 4.00 


4.50 


6.00 


6.50 


24.00 
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AREAS OF FLAT ROLLED STEEL--Contlnued 



1-9 


8' 


8X' 


S}i' 


8j^' 


4* 


4X' 


— 


4j^^ 


12' 


^ 


.188 


.208 


.219 


.284 


.250 


.266 


.281 


.297 


.750 


H 


.875 


.406 


.488 


.469 


.500 


.681 


.663 


.594 


1.50 


A 


.568 


.609 


.656 


.708 


.750 


.797 


.844 


.891 


2.25 


X 


.750 


.818 


.875 


.988 


1.00 


1.06 


1.18 


1.19 


8.00 


S 


.988 


1.02 


1.09 


1.17 


1.25 


1.88 


1.41 


1.48 


8.75 


1.18 


1.22 


1.81 


1.41 


1.50 


1.59 


1.69 


1.78 


4.50 


* 


1.81 


1.42 


1.53 


1.64 


1.75 


1.86 


1.97 


2.08 


5.25 


1.50 


1.68 


1.75 


1.88 


2.00 


2.18 


2.25 


2.88 


6.00 


ft 


1.69 


1.88 


1.97 


3.11 


2.25 


2.89 


2.58 


2.67 


6.75 


1.88 


2.08 


2.19 


2.84 


2.60 


2.66 


2.81 


2.97 


7.50 


» 


2.06 


2.28 


2.41 


2.58 


2.75 


2.92 


8.09 


8.27 


8.25 


2.25 


2.44 


2.68 


2.81 


8.00 


8.19 


8.88 


8.56 


9.00 


9 


2.44 


2.64 


2.84 


8.05 


8.25 


8.46 


8.66 


8.86 


9.76 


2.68 


2.84 


8.06 


8.28 


8.50 


8.72 


8.94 


4.16 


10.50 


IS 


2.81 


8.05 


8.28 


8.52 


8.75 


8.98 


4.22 


4.45 


11.25 


1 


8.00 


8.25 


8.50 


a 75 


4.00 


4.25 


4.50 


4.75 


12.00 


lA 


8.19 


8.45 


8.72 


8.98 


425 


4.52 


4.78 


6.05 


12.75 


iM 


8.88 


8.66 


8.94 


4.22 


4.50 


4.78 


5.06 


5.84 


18.50 


lA 


8.56 


8.86 


4.16 


4.45 


4.75 


5.05 


5.84 


5.64 


14.25 


IK 


8.75 


4.06 


4.88 


4.69 


5.00 


5.81 


5.63 


6.94 


15.00 


1ft 


8.94 


4.27 


4.59 


4.92 


5.25 


5.58 


5.91 


6.28 


15.75 


4.18 


4.47 


4.81 


5.16 


5.50 


5.84 


6.19 


6.58 


16.50 


4 


4.81 


4.67 


5.03 


5.89 


5.75 


6.11 


6.47 


6.88 


17.25 


i>^ 


4.50 


4.88 


5.25 


5.68 


6.00 


6.88 


6.75 


7.18 


18.00 


ift 


4.69 


5.08 


5.47 


5.86 


6.25 


6.64 


7.08 


7.42 


18.75 


4.88 


5.28 


5.69 


6.09 


6.50 


6.91 


7.81 


7.72 


19.50 


111 


5.06 


5.48 


5.91 


6.88 


6.75 


7.17 


7.59 


8.02 


20.25 


lji< 


5.25 


5.69 


6.18 


6.56 


7.00 


7.44 


7.88 


8.81 


21.00 


IW 


5.44 


5.89 


6.84 


6.80 


7.26 


7.70 


8.16 


8.61 


21.75 


1^ 


5.68 


6.09 


6.56 


7.08 


7.60 


7.97 


8.44 


8.91 


22.50 


Jli 


5.81 


6.80 


6.78 


7.27 


7.75 


8.28 


8.72 


9.20 


28.26 


a 


6.00 


6.60 


7.00 


7.50 


8.00 


8.50 


9.00 


9.50 


24.00 
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6' 


5g' 


&H' 


5^' 


6' 


ex- 


e>^' 


en- 


12' 


ji 


.818 


.828 


.844 


.859 


.875 


.891 


.406 


.422 


.760 


.625 


.656 


.688 


.719 


.750 


.781 


.818 


•844 


1.50 


A 


.988 


,984 


1.03 


1.08 


1.13 


1.17 


1.22 


1.27 


2.26 


X 


1.25 


1.81 


1.38 


1.44 


1.50 


1.66 


1.63 


1.69 


8.00 


ti 


1.56 


1.64 


1.72 


1.80 


1.88 


1.95 


2.03 


2.11 


8.75 


1.88 


1.97 


2.06 


2.16 


2.25 


2.84 


2.44 


2.58 


450 


s 


2.19 


2.80 


2.41 


2.62 


2.68 


2.78 


2.84 


2.96 


6.25 


2.50 


2.68 


2.75 


2.88 


8.00 


3.18 


3.25 


8.38 


6.00 


J 


a 81 


2.95 


8.09 


8.28 


8.88 


8.62 


3.66 


3.80 


6.75 


8.18 


8.28 


8.44 


8.59 


8.75 


8.91 


406 


422 


7.60 


1^ 


8.44 


8.61 


8.78 


8.95 


4.13 


430 


447 


464 


8.25 


H 


8.75 


8.94 


4.18 


4.81 


4.50 


469 


488 


5.06 


9.00 


If 


406 


4.27 


4.47 


4.67 


488 


5.08 


5.28 


5.48 


9.75 


4.88 


4.59 


4.81 


5.08 


5.25 


5.47 


5.69 


5.91 


10.50 


ll 


4.69 


4.92 


5.16 


5.89 


5.63 


5.86 


6.09 


6.33 


11.25 


1 


5.00 


5.25 


5.50 


5.75 


6.00 


6.25 


6.50 


6.75 


12.00 


;^ 


5.31 


5.58 


5.84 


6.11 


6.38 


6.64 


6.91 


7.17 


12.7U 


5.68 


5.91 


6.19 


6.47 


6.75 


7.08 


7.31 


7.59 


18.50 


li 


5.94 


6.28 


6.58 


6.83 


7.18 


7.42 


7.72 


8.02 


1425 


6.25 


6.56 


6.88 


7.19 


7.50 


7.81 


8.18 


8.44 


15.00 


li 


6.56 


6.89 


7.22 


7.55 


7.88 


8.20 


a 58 


8.86 


16.75 


6.88 


7.22 


7.56 


7.91 


8.25 


8.59 


8.94 


9.28 


16.60 


a 


7.19 


7.55 


7.91 


8.27 


8.63 


8.98 


9.34 


9.70 


17.26 


7.50 


7.88 


8.25 


8.68 


9.00 


9.38 


9.75 


10.18 


18.00 


s 


7.81 


8.20 


8.59 


8.98 


9.88 


9.77 


10.16 


10.55 


18.75 


8.18 


8.58 


8.94 


9.84 


9.75 


10.16 


10.56 


10.97 


19.60 


IH 


8.44 


8.86 


9.28 


9.70 


10.13 


10.55 


10.97 


11.39 


20.25 


1^ 


8.75 


9.19 


9.63 


10.06 


10.50 


10.94 


11.38 


11.81 


21.00 


ifi 


9.06 


9.52 


9.97 


10.42 


10.88 


11.88 


11.78 


12.28 


21.75 


9.88 


9.84 


10.31 


10.78 


11.25 


11.72 


12.19 


12.66 


22.60 


1^ 


9.69 


10.17 


10.66 


11.14 


11.63 


12.11 


12.59 


18.08 


28.25 




10.00 


10.50 


11.00 


11.50 


12.00 


12.50 


13.00 


18.50 


24.00 
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7// 


^H'' 


-TW' 


7H' 


8' 


QH' 


8X- 


SU' 


12* 


5^ 


.438 


.453 


.469 


.484 


.500 


.516 


.631 


.647 


.750 


.875 


.906 


.938 


.969 


1.00 


1.03 


1.06 


1.09 


1.50 


A 


1.81 


1.36 


1.41 


1.45 


1.50 


1.55 


1.59 


1.64 


2.25 


X 


1.75 


1.81 


1.88 


1.94 


2.00 


2.06 


2.18 


2.19 


8.00 


i 


2.19 


2.27 


2.34 


2.42 


2.50 


2.58 


2.66 


2.73 


8.75 


2.63 


2.72 


2.81 


2.91 


3.00 


8.09 


8.19 


8.28 


450 


i 


3.06 


3.17 


3.28 


8.89 


8.50 


3.61 


3.72 


3.83 


6.25 


3.50 


3.63 


3.75 


8.88 


4.00 


413 


425 


438 


6.00 


9 


3.94 


4.08 


4.22 


4.86 


450 


464 


478 


492 


6.76 


5/ 


4.38 


4.53 


4.69 


4.84 


5.00 


5.16 


5.81 


5.47 


7.50 


M 


4.81 


4.98 


5.16 


5.83 


5.50 


5.67 


6.84 


6.02 


8.25 


7^ 


5.25 


5.44 


5.63 


5.81 


6.00 


6.19 


6.88 


6.66 


9.00 


Pe 


5.69 


5.89 


6.09 


6.80 


6.60 


6.70 


6.91 


7.11 


9.75 


6.13 


6.34 


6.56 


6.78 


7.00 


7.22 


7.44 


7.66 


10.50 


14 


6.56 


6.80 


7.03 


7.27 


7.50 


7.73 


7.97 


8.20 


11.25 


1 


7.00 


7.25 


7.50 


7.75 


8.00 


8.26 


8.50 


8.76 


12.00 


1t^5 


7.44 


7.70 


7.97 


8.28 


8.50 


8.77 


9.03 


9.30 


12.75 


ill 


7.88 


8.16 


8.44 


8.72 


9.00 


9.28 


9.56 


9.84 


13.50 


lA 


8.31 


8.61 


8.91 


9.20 


9.50 


9.80 


10.09 


10.39 


1425 


ik 


8.75 


9.06 


9.38 


9.69 


10.00 


10.31 


10.63 


10.94 


15.00 


1t^ 


9.19 


9.52 


9.84 


10.17 


10.60 


10.83 


11.16 


11.48 


15.76 


m 


9.63 


9.97 


10.31 


10.66 


11.00 


11.34 


11.69 


12.03 


16.50 


lA 


10.06 


10.42 


10.78 


11.14 


11.50 


11.86 


12.22 


12.58 


17.25 


1>I 


10.50 


10.88 


11.25 


11.63 


12.00 


12.38 


12.75 


13.13 


18.00 


jg 


10.94 


11.33 


11.72 


12.11 


12.50 


12.89 


13.28 


13.67 


18.76 


11.38 


11.78 


12.19 


12.59 


laoo 


13.41 


13.81 


1422 


19.50 




11.81 


12.23 


12.66 


13.08 


13.50 


13.92 


1484 


1477 


20.26 


IM 


12.25 


12.69 


13.13 


13.56 


1400 


1444 


1488 


15.31 


21.00 


S 


12.69 


13.14 


13.59 


14.05 


1450 


1496 


15.41 


16.86 


21.75 


13.13 


13.59 


14.06 


1458 


15.00 


16.47 


16.94 


16.41 


22.50 


114 


13.56 


14.05 


14.53 


15.02 


15.50 


15.98 


16.47 


16.96 


23.25 


2 


14.00 


14.50 


15.00 


15.50 


16.00 


16.50 


17.00 


17.50 


24.00 
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III 

£•9 


0' 


OX' 


9H' 


OH' 


IC 


lox' 


lo;^' 


lOjK* 


12' 


$ 


.568 


.578 


.594 


.609 


.625 


.641 


.656 


.672 


.750 


1.13 


1.16 


1.19 


1.22 


1.25 


1.28 


1.81 


1.84 


1.50 


n 


1.69 


1.78 


1.78 


1.88 


1.88 


1.92 


1.97 


2.02 


2.25 


2.25 


2.81 


2.38 


2.44 


2.50 


2.56 


2.68 


2.69 


8.00 


ft 


2.81 


2.89 


2.97 


8.05 


8.18 


8.20 


8.28 


8.86 


8.75 


8.38 


8.47 


8.56 


8.66 


8.75 


8.84 


8.94 


403 


450 


5 


8.94 


405 


4.16 


427 


438 


448 


459 


470 


5.25 


4.50 


4.68 


475 


488 


5.00 


5.18 


5.25 


5.88 


6.00 


t 


5.06 


5.20 


5.84 


5.48 


5.68 


5.77 


6.91 


6.05 


6 75 


5.63 


5.78 


5.94 


6.09 


6.25 


6.41. 


6.56 


6.72 


7.50 


» 


6.19 


6.36 


6.53 


6.70 


6.88 


7.05 


7.22 


7.39 


8.25 


6.75 


6.94 


7.13 


7.81 


7.50 


7.69 


7.88 


8.06 


9.00 


« 


1M 


7.52 


7.72 


7.92 


8.18 


8.88 


8.58 


8.78 


9.75 


H 


7.88 


809 


8.81 


8.53 


8.75 


8.97 


9.19 


9.41 


10.50 


if 


8.44 


8 07 


8.91 


9.14 


9.88 


9.61 


9.84 


10.08 


11.25 


1 


9.00 


9 25 


9.50 


9.75 


10.00 


10.25 


10.50 


10.75 


12.00 


lA 


9.56 


9.88 


10.09 


10.36 


10.63 


10.89 


11.16 


11,42 


12.75 


iH 


10.13 


10.41 


10.69 


10.97 


11.25 


11.53 


11.81 


12.09 


18.50 


lA 


1069 


10.98 


11.28 


11.58 


11.88 


12.17 


12.47 


12.77 


14 25 


IX 


11.25 


11.56 


11.88 


12.19 


12.50 


12.81 


18.18 


13.44 


15.00 


ift 


11.81 


12.14 


12.47 


12.80 


18.13 


13.45 


13.78 


1411 


15.75 


12.88 


12.72 


13.06 


18.41 


13.75 


1409 


1444 


1478 


16.50 


lA 


12.94 


13.30 


13 66 


1402 


1438 


1473 


15.09 


15.45 


17.5>5 


1^ 


13.50 


13.88 


1425 


1463 


15.00 


15.38 


15.75 


16.18 


18.00 


a 


14.06 


14.45 


1484 


15.23 


15.68 


16.02 


16.41 


16.80 


18.75 


14.63 


15.03 


15.44 


15.84 


16.25 


16.66 


17.06 


17.47 


19.50 


IH 


15.19 


15.61 


16.03 


16.45 


16.88 


17.80 


17.72 


18.14 


20.25 


lU 


15.75 


16.19 


16.63 


17.06 


17.50 


17.94 


18.88 


18.81 


21.00 


iS 


16.81 


16.77 


17.22 


17 67 


18.13 


18.58 


19.08 


19.48 


21.75 


16.88 


17.84 


17.81 


18.28 


18.75 


19.22 


19.69 


20.16 


22.50 


lil 


17.44 


17.92 


18 41 


18.89 


19.38 


19.86 


20.34 


20.88 


23.25 


3 


18.00 


18.50 


19.00 


19.50 


20.00 


20.50 


21.00 


21.50 


24.00 
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S4 


11' 


IIX' 


11>^^ 


IIH' 


12" 


12X^ 


IQ/z" 


lar 

.797 
1.59 
2 39 
3.19 


2^ 

II 


1 


.688 
1.88 
2.06 
2.75 


.703 
1.41 
2.11 

2.81 


.719 
1.44 
2.16 

2.88 


.734 
1.47 
2.20 
2.94 


.750 
1.50 
2.25 
3.00 


.766 
1.53 
2.80 
3.06 


.781 
1.56 
2.34 
3.13 


1 


8.44 
4.18 

4.81 
5.50 


3.52 
4.22 
4.92 
5.63 


8.69 
4.81 
5.03 
5.75 


8.67 
4.41 
5.14 

5.88 


3.75 
4.50 
5.25 
6.00 


3.83 
4.59 
5.36 
6.13 


3.91 
4.69 
5.47 
6.25 


3.98 

4.78 
5.58 
6.38 


bid 

IS 

fit 


1 


6.19 
6.88 
7.56 

8.25 


6.38 
7.03 
7.73 

8.44 


6.47 
7.1^ 
7.91 
8.63 


6.61 
7.84 
8.08 
8.81 


6.75 
7.50 
8.25 
9.00 


6.89 
7.66 
8.42 
9.19 


7.03 
7.81 
8.59 
9.38 


7.17 
7.97 

8.77 
9.56 


,8 


8.94 

9.63 

10.81 

11.00 


9.14 

9.84 

10.55 

11.25 


9.84 
10.06 
10.78 
11,50 


9.56 
10.28 
11.02 
11.75 


9.76 
10.50 
11.25 
12.00 


9.96 
10.72 
11.48 
12.25 


10.16 
10.94 
11.72 
12.50 


10.86 
11.16 
11.95 
12.75 




1 


11.69 
12.88 
13.06 
13.75 


11.95 
12.66 
18.36 
14.06 


12.22 
12.94 
13.66 
14.38 


12.48 
13.22 
13.95 
14.69 


12.76 
13.50 
14.25 
15.00 


13.02 
13.78 
14.55 
15.81 


18.28 
14.06 
14.84 
15.63 


13.55 
14.34 
15.14 
15.94 


lit 


5ft 
IS 


14.44 
15.13 
15.81 
16.50 


14.77 
15.47 
16.17 
16.88 


15.09 
15.81 
16.53 
17.26 


15.42 
16.16 
16.89 
17.63 


15.75 
16.60 
17.25 
18.00 


16.08 
16.84 
17.61 
18.38 


16.41 
17.19 
17.97 
18.76 


16.73 
17.53 
18.33 
19.13 


•s-s-g 


18 


17.19 
17.88 
18.56 
19.25 


17.58 
18.28 
18.98 
19.69 


17.97 
18.69 
19.41 
20.13 


18.36 
19.09 
19.83 
20.56 


18.75 
19.50 
20.25 
21.00 


19.14 
19.91 
20.67 
21.44 


19.63 
20.31 
21.09 
21.88 


19.92 
20.72 
21.52 
22.31 




IS 


19.94 
20.68 
21.81 
22.00 


20.89 
21.09 
21.80 
22.60 


20.84 
21.56 
22.28 
23.00 


21.30 
22.03 

22.77 
23.50 


21.76 
22.50 
23.25 
24.00 


22.20 
22.97 
23.78 
24.50 


22.66 
23.44 
24.22 
25.00 


23.11 
23.91 
24.70 
25.50 
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WEIGHTS OF FLAT ROLLED STEEL 






PER LINEAL FOOT 










1 cubic foot weighing 489.6 lbs. 






1^ 


1' 


IX' 


l>i' 


IH' 


2" 


2X' 


2}4' 


2H' 


12* 


J 


.688 

.850 


.797 
1.06 


.957 
1.28 


1.11 

1.49 


1.28 
1.70 


1.44 
1.91 


1.59 
2.12 


1.75 
2.84 


7.65 
10.20 


1 


1.06 
1.28 
1.49 
1.70 


1.33 
1.59 
1.86 
2.12 


1.59 
1.92 
2.23 
2.55 


1.86 
2.23 
2.60 
2.98 


2.12 
2.55 
2.98 
3.40 


2.39 
2.87 
3.35 
3.83 


2.65 
3.19 
3.72 
4.25 


2.92 
8.51 
409 
467 


12.75 
15.80 
17.86 
20.40 


I 


1.92 
2.12 
2.34 
2.56 


2.39 
2.65 
2.92 
8.19 


2.87 
3.19 
3.51 
3.83 


3.85 
3.72 
409 

4.47 


3.83 
4.25 
4.67 
5.10 


4.30 
4.78 
5.26 
5.75 


4.78 
5.31 
5.84 
6.38 


5.26 
5.84 
6.43 
7.02 


22.95 
25.60 
28.06 
30.60 


1 


2.76 
2.98 
3.19 
3.40 


3.45 
3.72 
3.99 
4.25 


4.14 

4.47 
4.78 
5.10 


4.84 
5.20 
5.58 
5.95 


5.53 
5.95 
6.38 
6.80 


6.21 
6.69 
7.18 
7.65 


6.90 

7.44 
7.97 
8.50 


7.60 
8.18 
8.77 
9.35 


83.16 
35.70 
38.26 
40.80 


15 


3.61 
3.83 
4.04 
4.25 


4.52 
4.78 
5.05 
5.31 


5.42 
5.74 
6.06 
6.38 


6.32 
6.70 

7.07 
7.44 


7.22 
7.65 

8.08 
8.50 


8.13 
8.61 
9.09 
9.57 


9.03 

9.57 

10.10 

10.63 


9.93 
10.52 
11.11 
11.69 


48.36 
45.90 
48.46 
61.00 




4.46 
4.67 
4.89 
5.10 


5.58 
5.84 
6.11 
6.38 


6.69 
7.02 
7.34 
7.65 


7.81 
8.18 
8.56 
8.93 


8.93 

9.35 

9-78 

10.20 


10.04 
10.52 
11.00 
11.48 


11.16 
11.69 
12.22 
12.75 


12.27 
12.85 
13.44 
1403 


63.65 
56.10 
68.65 
61.20 


1*^ 


5.32 
5.52 
5.74 
5.95 


6.64 
6.90 
7.17 

7.44 


7.97 
a 29 
8.61 
8.93 


9.30 

9.67 

10.04 

10.42 


10.63 
11.05 
11.47 
11.90 


11.95 
12.48 
12.91 
18.40 


13.28 
13.81 
14.84 
14.88 


1461 
15.19 
15.78 
16.37 


68.76 
66.80 
68.85 
71.40 


18 

5« 


6.16 
6.38 
6.59 
6.80 


7.70 
7.97 

8.24 
8.50 


9.24 
9.57 

9.88 
10.20 


10.79 
11.15 
11.53 
11.90 


12.33 
12.75 
18.18 
13.60 


13.86 
14.34 
14.88 
15.30 


15.40 
15.94 
16.47 
17.00 


16.95 
17.58 
18.12 
18.70 


78.96 
76.50 
79.05 
81.60 
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PER LINEAL FOOT 



8* 



SX' 



^H' 



8^" 



4' 



4X' 



4>^" 



4^' 



5 






li 

1 ' 



1« 



1.91 
2.55 

8.19 
8.88 
4.46 
6.10 

5.74 
6.88 
7.02 
7.65 

8.29 

8.98 

9.57 

10.20 

10.84 
11.48 
12.12 
12.75 

18.89 
14.08 
14.66 
15.80 

15.94 
16.58 
17.22 
17.86 

18.49 
19.13 
19.77 
20.40 



2.07 
2.76 

8.45 
4.15 
4.88 
6.58 

6.22 
6.91 
7.60 
8.29 

8.98 

9.67 

10.86 

11.05 

11.74 
12.48 
18.12 
18.81 

14.50 
15.20 
15.88 
16.58 

17.27 
17.96 
18.65 
19.84 

20.03 
20.72 
21.41 
22.10 



2.28 



8.72 

4.47 
6.20 
5.95 

6.70 

7.44 
8.18 
8.93 

9.67 
10.41 
11.16 
11.90 

12.65 
18.89 
14.18 
14.87 

15.62 
16.86 
17.10 
17.85 

18.60 
19.34 
20.08 
20.88 

21.57 
22.31 
23.06 
23.80 



2.89 
8.19 

8.99 

4.78 
5.58 
6.38 

7.17 
7.97 
8.76 
9.57 

10.86 
11.16 
11.95 
12.75 

18.55 
14.84 
15.14 
15.94 

16.74 
17.53 
18.83 
19.13 

19.92 
20.72 
21.51 
22.32 

28.11 
23.91 
24.70 
25.50 



2.55 
8.40 

4.25 
5.10 
6.95 
6.80 

7.66 

8.50 

9.85 

10.20 

11.05 
11.90 
12.75 
18.60 

14.45 
15.80 
16.15 
17.00 

17.85 
18.70 
19.55 
20.40 

21.25 
22.10 
22.95 
23.80 

24.65 
25.50 
26.35 
27.^0 



2.71 
3.61 

4. 
5.42 
6.32 
7.22 

8.13 

9.03 

9.93 

10.84 

11.74 
12.65 
1J5.55 
14.45 

15.85 
16.26 
17.16 
18.06 

18.96 
19.87 
20.77 
21.68 

22.58 

23.48 
24.38 
25.29 

26.19 
27.10 
28.00 
28.90 



2.87 
8.88 

4.78 
5.74 
6.70 
7.65 

8.61 

9.57 

10.62 

11.48 

12.43 
13.89 
14.34 
15.30 

16.26 
17.22 
18.17 
19.13 

20.08 
21.04 
21.99 
22.95 

28.91 

24.87 
25.82 
26.78 

27.78 

28.69 
29.64 
30.60 



8.08 
4.04 

5.05 
6.06 
7.07 
8.08 

9.09 
10.10 
11.11 
12.12 

18.12 
14.13 
15.14 
16.15 

17.16 
18.17 
19.18 
20.19 

21.20 
22.21 
28.22 
24.28 

25.24 
26.25 
27.26 
28.27 

29.27 
30.28 
31.29 
82.80 
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WEIGHTS OF FLAT ROLLED STEEL- Continued 

PER LINEAL FOOT 






8 



IS 
IS 



6' 



3.19 
4.25 

5.31 
6.38 

7.44 
8.50 

9.57 
10.63 
11.69 
12.75 

13.81 
14.87 
15.94 
17.00 

18.06 
19.13 
20.19 
21.25 



23.38 
24.44 
25.50 

26.57 
27.63 
28.69 
29.75 

80.81 
31.87 
32.94 
34.00 



SX' 



3.85 
4.46 

5.58 
6.69 
7.81 
8.93 

10.04 
11.16 
12.27 
13.39 

14.50 
15.62 
16.74 
17.85 

18.96 
20.08 
21.20 
22.32 

23.43 
24.54 
25.66 
26.78 

27.89 
29.01 
30.12 
31.24 

32.35 
33.47 
34.59 
35.70 



6^' 



8.51 
4.67 

5.84 
7.02 
8.18 
9.35 

10.52 
11.69 
12.85 
14.08 

15.19 
16.36 
17.53 
18.70 

19.87 
21.04 
22.21 
23.38 

24.54 
25.71 
26.88 
28.05 

29.22 
30.39 
31.55 
32.73 

33.89 
35.06 
36.23 
37.40 



5K' 



3.67 

4.89 

6.11 
7.34 
8.56 
9.77 

11.00 
12.22 
13.44 
14.67 

15.88 
17.10 
18.33 
19.55 

20.77 
21.99 
23.22 
24.44 

25.66 
26.88 
28.10 
29.33 

30.55 
31.77 
32.99 
34.22 

35.43 
36.65 
37.88 
39.10 



6' 



3.83 
5.10 

6.38 

7.65 

8.93 

10.20 

11.48 
12.75 
14.03 
15.30 

16.58 
17.85 
19.13 
20.40 

21.68 
22.95 
24.23 
25.50 

26.78 
28.05 
29.33 
30.60 

31.88 
33.15 
34.43 
35.70 

36.98 
38.25 
39.53 
40.80 



6X' 



3.99 
5.31 

6.64 

7.97 

9.29 

10.63 

11.95 
13.28 
14.61 
15.94 

17.27 
18.60 
19.92 
21.25 

22.58 
23.91 
25.23 
26.56 

27.90 
29.22 
30.55 
31.88 

33.20 
34.53 
35.86 
37.19 

38.52 
39.85 
41.17 
42.50 



6>i" 



4.14 
5.53 

6.90 
^8.29 

9.67 
11.05 

12.43 
13.81 
15.20 
16.58 

17.95 
19.34 
20.72 
22.10 

23.48 
24.87 
26.24 
27.62 

29.01 
30.39 
31.77 
33.15 

34.53 
35.91 
37.30 
38.68 

40.05 
41.44 
42.82 
44.20 



4.30 
5.74 

7.17 

8.61 

10.04 

11.48 

12.91 
14.34 
15.78 
17.22 

18.65 
20.08 
21.51 
.95 

24.39 
25.82 
27.25 
28.69 

30.12 
31.56 
32.99 
34.43 

35.86 
37.29 
38.73 
40.17 

41.60 
43.03 
44.46 
45.90 
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|l 



r 



1%' 



•JH' 



7}C 



8' 



8X' 



8}i' 



8JC' 



s 
f 



1« 



4.46 
5.95 

7.44 

8.88 

10.41 

11.90 

18.89 

14.87 
16.86 

17.85 

19.84 
20.83 
23.82 
23.80 

25.29 
26.78 
28.26 
29.75 

81.28 
82.72 
84.21 
85.70 

87.19 
88.67 
40.16 
41.66 

48.14 
44.63 
46.12 
47.60 



4.62 
6.16 

7.70 

9.25 

10.78 

12.82 

18.86 
15.40 
16.94 
18.49 

20.03 
21.67 
28.11 
24.65 

26.19 
27.73 
29.27 
80.81 



38.89 
35.44 
86.98 

88.51 
40.05 
41.69 
48.14 

44.68 
46.22 
47.76 
49.80 



4.78 
6.86 

7.97 

9.57 

11.16 

12.75 

14.84 
16.94 
17.53 
19.18 

20.72 
22.32 
23.91 
25.50 

27.10 
28.68 
80.28 
81.88 

88.48 
85.06 
36.66 
88.26 

89.84 
41.44 
43.03 
44.63 

46.22 

47.82 
49.41 
51.00 



4.94 
6.58 

8.28 

9.88 

11.53 

13.18 

14.82 
16.47 
18.12 
19.77 

21.41 
23.05 
24.70 
26.36 

28.00 
29.64 
81.29 
32.94 

84.59 
86.23 

37.88 
39.53 

41.17 

42.82 
44.47 
46.12 

47.76 
49.40 
51.05 
52.70 



6.10 
6.80 

8.50 
10.20 
11.90 
13.60 

15.80 
17.00 
18.70 
20.40 

22.10 
23.80 
25.60 
27.20 

28.90 
30.60 
82.30 
34.00 

85.70 
87.40 
39.10 
40.80 

42.50 
44.20 
46.90 
47.60 

49.30 
61.00 
62.70 
54.40 



6. 
7.01 

8.76 
10.62 
12.27 
14.03 

15.78 
17.53 
19.28 
21.04 

22.79 
24.55 
26.80 
28.06 

29.80 
31.66 
33.31 
35.06 

36.81 
38.67 
40.32 
42.08 

48.83 

46.68 
47.33 
49.09 

50.84 
52.60 
54.36 
66.10 



5.42 

7. 

9.08 

10.84 
Ud.64 
14.44 

16.26 
18.06 
19.86 
21.68 

28.48 
25.30 
27.10 
28.90 

80.70 
32.52 
84.32 
36.12 

87.93 
39.74 
41.64 
48.36 

45.16 
46.96 

48.76 
60.58 



64. 

66.00 

67.80 



5.58 
7.48 

9.29 
11.16 
18.02 
14.87 

16.74 
18.59 
20.46 
22.32 

24.17 
26.04 
27.89 
29.76 

31.61 
33.47 
35.33 
37.20 

89.05 

40.91 
42.77 
44.63 

46.49 
48.84 
60.20 
52.07 

58.92 
55.79 
67.64 
59.50 



Goog 
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II 



5 



I 



.a 



1* 
a 

IS 
It 

1« 



5.74 
7.66 

9.56 
11.48 
13.40 
15.80 

17.22 
19.13 
21.04 
22.96 

24.86 
26.78 
28.69 
80.60 

32.52 
34.43 
36.34 



40.16 

42.08 
44.00 
45.90 

47.82 
49.73 
51.64 
58.56 

55.46 
57.88 
59.29 
61.20 



9X' 



5.90 
7.86 

9.83 
11.80 
13.76 
15.78 

17.69 
19.65 
21.62 
28.59 

25.55 
27.52 
29.49 
31.45 

33.41 
35.38 
37.35 
39.31 

41.28 
48.25 
45.22 

47.18 

49.14 
51.10 
53.07 
55.04 

57.00 
58.97 
60.94 
62.90 



9H' 



6.06 
8.08 

10.10 
12.12 
14.14 
16.16 

18.18 
20.19 
22.21 
24.23 

26.24 
28.26 
80.28 
32.30 

34.82 
36.34 
38.86 
40.37 

42.40 
44.41 
46.44 

48.45 

50.48 
52.49 
54.51 
56.53 

58.54 
60.56 
62.58 
64.60 



9^' 



6.22 
8.29 

10.86 
12.44 
14.51 
16.58 

18.65 
20.72 
22.79 
24.86 

26.94 
29.01 
81.08 
88.15 

85.22 
87.29 
89.37 
41.44 

48.52 
45.58 
47.66 
49.73 

51.80 
58.87 
55.94 
58.01 

60.09 
62.16 
64.23 
66.30 



10" 



6.88 
8.50 

10.62 

12.75 
14.88 
17.00 

19.14 
21.25 
23.38 
25.50 

27.62 
29.75 
81.88 
34.00 

36.12 
88.25 
40.38 
42.50 

44.64 
46.75 
48.88 
51.00 

53.14 
55.25 
57.88 
59.50 

61.62 
68.75 

65.88 
68.00 



lOX' 



6.54 
8.71 

10.89 
18.07 
15.25 
17.42 

19.61 
21.78 
23.96 
26.14 

28.32 
80.50 
82.67 
34.85 

87.03 
39.21 
41.89 
43.56 

45.75 
47.92 
50.10 

52.28 

54.46 
56.68 

58.81 
60.99 

68.17 
65.35 
67.52 
69.70 



10>^' 



6.70 

8.92 

11.16 
13.89 
15.62 
17.85 

20.08 
22.82 
24.54 
26.78 

29.00 
81.24 
88.48 
85.70 

87.92 
40.17 
42.40 
44.63 

46.86 
49.08 
51.82 
58.55 

55.78 
58.02 
60.24 
62.48 

64.70 
66.94 
69.18 
71.40 



10^" 



6. 
9.14 

11.42 
18.71 
15.99 
18.28 

20.56 
22.85 
25.18 
27.42 

29.69 
81.98 
84.28 
86.55 

88.88 
41.12 
43.40 
45.69 

47.97 
50.25 
52.54 
54.88 

57.11 
59.40 
61.68 
68.9' 

66.24 
68.53 
70.88 
78.10 



12' 



7.66 
10.20 

12.76 
15.80 
17.86 
20.40 

22.96 
25.50 
28.06 
30.60 

.15 
36. 70 
88.25 
40.80 

43.85 
45.90 
48.45 
51.00 

53.65 
56.10 
58.65 
61.20 

68.75 
66.30 

68.85 
71.40 

78.95 
76.50 
79.06 
81.60 
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11' 


liy 


11^' 


iir 


12* 


12X" 


12>^' 


t^H' 


il 


* 


7.02 
9.84 


7.17 
9.57 


7.32 

9.78 


7.49 
10.00 


7.66 
10.20 


7.82 
10.42 


7.98 
10.68 


8.18 
10.84 




1 


11.68 
14.08 
16.86 
18.70 


11.95 
14.85 
16.74 
19.18 


12.22 
14.68 
17.12 
19.65 


12.49 
14.99 
17.49 
19.97 


12.76 
15.80 
17.86 
20.40 


18.01 
16.62 
18.28 
20.82 


18.28 
15.94 
18.60 
21.25 


13.65 
16.26 
18.97 
21.67 


.Sfll 

■3^8 

III 

■§2-;; 


1 


21.02 
23.88 
26.70 
28.05 


21.51 
23.91 
26.80 

28.68 


22.00 
24.44 
26.88 
29.83 


22.48 
24.97 
27.47 
29.97 


22.96 
25.50 
28.06 
30.60 


28.48 
26.03 
28.64 
81.26 


23.90 
26.56 
29.22 
31.88 


24.89 
27.09 
29.80 
32.52 


,8 


80.40 
82.72 
85.06 
37.40 


31.08 
38.47 
85.86 
88.25 


81.76 
34.21 
36.66 
89.10 


82.46 
84.95 
37.46 
89.95 


83.16 
86.70 
38.26 

40.80 


88.88 
86.44 
39.06 
41.66 


34.63 
37.19 
39.84 
42.50 


86.22 
37.93 
40.64 
48.85 


!15 


il 


89.74 

42.08 
44.42 
46.76 


40.64 
43.04 
45.42 
47.82 


41.54 
44.00 
46.44 
48.88 


42.46 
44.94 
47.45 
49.94 


48.86 
45.90 

48.45 
51.00 


44.26 
46.86 
49.46 
52.06 


46.16 
47.82 
50.46 
63.12 


46.06 

48.77 
61.48 
64.19 


11 




49.08 
51.42 
53.76 
56.10 


50.20 
53.59 
54.99 
57.37 


51.82 
53.76 
56.21 
68.65 


62.44 
54.93 
67.43 
59.93 


63.66 
56.10 
58.66 
61.20 


64.67 
57.27 
59.87 
62.48 


66.78 
58.44 
61.10 
63.75 


66.90 
59.60 
62.82 
65.08 


a bo 


in 


58.42 
60.78 
63.10 
65.45 


59.76 
62.16 
64.55 
66.93 


61.10 
63.54 
66.98 
68.43 


62.43 
64.92 
67.42 
69.92 


63.75 
66.30 

68.85 
71.40 


66.08 
67.68 
70.29 
72.90 


66.40 
69.06 
71.72 
74.38 


67.74 
70.44 
73.15 

75.87 


ill 




67.80 
70.12 
72.46 
74.80 


69.38 

71.72 
74.11 
76.50 


70.86 
73.31 
75.76 
78.20 


72.41 
74.90 
77.41 
79.90 


73.96 
76.50 
79.05 
81.60 


76.48 
78.09 
80.70 
83.30 


77.03 
79.69 
82.34 
85.00 


78.67 
81.28 
83.99 
86.70 


III 
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li 



13' 



8.28 
11.06 

13.81 

19.84 
22.10 

24.86 
V7.62 
:i0 89 
38 16 

35.91 
38 68 
41.44 
44.20 

46 96 
49.72 
62.48 
55.25 

58.02 
60.77 
63.54 
66.30 

69 06 
71.83 
74.59 
77.35 

80.11 
82.88 
85.64 
88.40 



14' 



8.92 
11.90 

14.88 
17.86 
20.82 
23.80 

26.78 
29.74 
32.72 
35.71 

88.67 
41.65 
44.63 
47.60 

50.57 
53.55 
56.52 
59.50 

62.47 
65.45 
68.42 
71.40 

74.88 
77.85 
80.83 
88.80 

86.28 
89.25 
92.28 
95.20 



15" 



9.56 
12.75 

15.94 
19.14 
22.32 
25.50 

28.70 
31.88 
35.06 



41.43 
44.62 

47.82 
51.00 

54.20 
57.37 
60.56 
63.76 

66.95 
70.12 
73.82 
76.51 

79.69 
82.88 
86.06 
89.25 

92 44 

95.63 

98.81 

102.00 



16* 



1020 
13.60 

17.00 
20.40 
28.80 
27.20 

80.60 
34.00 
87.40 
40.80 

4420 
47.60 
51.00 
5440 

57.80 
61.20 
64.60 
68.00 

71.40 
7480 
78.20 
81.60 

85.00 
88.40 
91.80 
95.20 

98.60 
102.00 
105.40 
108.80 



17' 



10.84 
1444 

18.06 
21.68 
25.28 



82.52 
86.12 
39.72 
43.86 

46.96 
50.60 
54.20 
57.80 

61.40 
65.04 
68.64 
72.26 

76.86 

79.48 
88.08 
86.70 

90.81 



97.54 
101.15 

10476 
108.88 
111.99 
115.60 



18' 



11.48 
15.30 

19.12 
22.96 
26.79 
30.60 

84.44 
88.25 
42.08 
45.92 

49.72 
53.56 
57.38 
61.20 

65.02 
68.85 
72.68 
76.60 

80.83 
8415 
88.00 
91.80 

96.63 

99.45 

108.28 

107.10 

110.93 
11475 
118.58 
122.40 



19' 



12.10 
16.16 

20.20 
2424 

28.28 
32.31 

36.34 
40.87 
44.42 
48.46 

62.48 
56.52 
60.57 
6460 

68.64 
72.68 
76.72 
80.74 

8480 
88.88 
92.88 
96.90 

100.94 
10498 
109.01 
113.05 

117.09 
121.13 
125.16 
129.20 



12.76 

17.00 

21.24 
25.50 
29.75 
84.00 

88.27 
42.50 
46.74 
61.00 

65.25 
69.50 
63.76 
68.00 

72.25 
76.50 
80.76 
85.00 



93.50 

97.75 

102.00 

106.26 
110.50 
11475 
119.00 

123.26 
127.60 
131.75 
136.00 



21' 



18.40 

17.84 

22.82 

26.78 
31.24 
35.70 

40.16 
44.64 
49.08 
63.56 

68.01 
62.49 
66.96 
71.40 

75.86 
80.83 
84.79 
89.26 

98.72 

98.17 
102.66 
107.10 

111.56 
116.03 
120.49 
12495 

129.41 

188.88 
188.84 
142.80 
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S8 

II 



23' 



24' 



25' 



27' 



f 



80' 



i 

ft 

If 

IS 
!ft 

iS 

1« 



14.04 
18-69 



28.06 
32.72 
37.40 

42.04 
46.76 
61.40 
66.10 

60.79 
65.44 
70.13 

74.80 

79.48 
84.16 
88.83 
93.52 

98.16 
102.84 
107.62 
112.20 

116.88 
121.55 
126.28 
130.90 

135.68 
140.26 
144.93 
149.60 



14.64 
19.56 

24.44 
29.33 
84.24 
89.10 

44.00 
48.88 
53.76 
58.66 

63.53 
68.43 
73.32 

78.20 

83.08 
8800 
92.88 
97.76 

102.64 
107.52 
112.42 
117.80 

122.19 
127.08 
131.96 
136.85 

141.74 
146.68 
151.61 
156.40 



16.32 
20.-10 

26.52 
80.60 
86.72 
40.80 

46.92 
51.00 
56.12 
61.20 

66.29 
71.40 
76.50 
81.60 

86.70 

91.80 

96.92 

102.00 

107.12 
112.20 
il7.30 
122.40 

127.50 
132.60 
137.70 
142.80 

147.90 
163.00 
158.10 
168.20 



15.96 
21.26 

26.56 
81.88 
87.20 
42.60 

47.80 
53.12 
58.44 
63.76 

69.06 

74.38 
79.68 
85.00 

90.32 

95.64 

100.92 

106.24 

111.66 
116.88 
122.20 
127.50 

132.81 
138.13 
148.44 
148.76 

154.06 
169.88 
164.69 
170.00 



16.56 
22.12 

27.62 
83.16 
88.68 
44.20 

49.78 
65.24 
60.78 
66.82 

71.82 
77.86 
82.88 
88.40 



99.44 
104.96 
110.60 

116.04 
121.54 
127.08 
182.60 

138.13 
143.65 
149.18 
164.70 

160.23 
165.75 
171.28 
176.80 



17.20 
22.96 

28.68 
84.44 
40.17 
45.92 

51.64 
67.87 
88.11 



74.68 
80.88 
86.07 
91.80 

97.54 
103.26 
109.01 
114.76 

120.50 
126.22 
131.96 
137.72 

143.44 
149.18 
154.91 
160.66 

166.39 
172.13 
177.86 
188.60 



17.84 
23.80 

29.76 
35.72 
41.65 
47.60 

53.56 
69.49 
66.44 
71.42 

77.84 
83.80 
89.26 
95.20 

101.14 
107.10 
118.05 
119.00 

124.94 
130.90 
136.84 

142.80 

148.75 
164.70 
160.65 
166.60 

172.55 
178.60 
184.45 
190.40 



18.48 
24.64 

80.80 
87.00 
43.14 
49.28 

65.48 
61.60 
67.77 
73.97 

80.10 
86.29 
92.44 
98.60 

104.75 
110.92 
117.09 
123.24 

129.40 
185.58 
141.76 
147.92 

164.06 
160.23 
166.89 
172.55 

178.71 
184.88 
191.04 
197.20 



19.12 
26.60 

81.88 
88.28 
44.64 
61.00 

67.40 
63.76 
70.18 
76.63 



89.24 

95.64 

102.00 

108.88 
114.74 
121.13 
127.61 

133.89 
140.24 
146.64 
163.02 

159.38 
166.75 
172.13 
187.50 

184.88 
191.26 I 
197.63 ! 
204.00 
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CARNEGIE STEEL COMPANY 



WEIGHTS OF FLAT ROLLED STEEL-Continued 

PER LINEAL FOOT 



£5 



ft 

8 



!ft 
1ft 



81' 



19.75 
26.86 

82.94 
89.54 
46.12 
52.70 

59.82 

65.88 
72.48 
79.08 

85.62 

92.20 

98.82 

105.40 

112.00 
118.56 
125.16 
181.76 

188.86 
144.92 
151.52 
168.11 

16469 
171.28 
177.86 
18445 

191.04 
197.68 
204.21 
210.80 



20.40 
27.20 

84.00 
40.80 
47.60 
54.40 

61.22 

68.00 
7480 
81.61 



95.20 
102.00 
108.80 

115.59 
122.40 
129.21 
186.00 



170.00 
176.80 
183.60 
190.40 

197.20 
204.00 
210.80 
217.60 



21.04 
28.04 

85.04 
42.08 
49.08 
56.10 

68.12 
70.18 
77.12 
8416 

91.15 

98.20 

105.20 

112.20 

119.20 
126.24 
188.24 
140.28 



142.81 
149.60 
156.40161.28 
168.20168.82 



147.24 
154.28 



175.31 
182.83 
189.34 
196.35 

203.86 
210.88 
217.39 
324.40 



84' 



21.68 
28.88 

86.12 
43.86 
50.57 
57.78 

65.04 
72.24 
79.44 
86.72 

98.91 
101.20 
108.40 
115.60 

122.80 
130.08 
137.28 
144.52 

151.72 
158.96 
166.16 
173.40 

180.63 
187.85 
195.08 
202.30 

209.53 
216.75 
223.98 
231.20 



35' 



29.72 

37.16 
44.64 
52.07 
59.60 

66.96 
7436 
81.79 
89.28 

96.68 
10416 
111.59 
119.00 

126.42 
133.90 
141.32 
148.76 

156.20 
168.62 

171.08 
178.51 

185.94 
193.88 
200.81 
208.25 

215.69 
223.13 
230.56 
238.00 



22.96 
80.59 

88.24 
46.92 
53.58 
61.20 

68.88 
76.50 
84.15 
91.84 

99.44 
107.12 
11476 
122.40 

130.04 
137.70 
146.36 
153.00 

160.66 
168.30 
176.00 
188.60 

191.25 
198.90 
206.55 
21420 

221.85 
229.60 
237.16 
244.80 



2420 



40.39 
48.48 
66.66 
64.62 

72.68 
80.74 
88.84 
96.92 

104.96 
113.04 
121.14 
129.20 

187.28 
146.36 
153.44 
161.48 

169.60 
177.66 
185.76 
193.80 

201.88 
209.95 
218.03 
226.10 

234.18 
242.26 
250.33 
258.40 



40* 



25.52 
84.00 

42 48 
61.00 
59.60 
68.00 

76.64 

85.00 

98.48 

102.00 

110.60 
119.00 
127.62 
186.00 

144.60 
153.00 
161.60 
170.00 

178.66 
187.00 
196.60 
204.00 

212.60 
221.00 
229 60 
238.00 

246.60 
266.00 
263.60 
272.00 



42' 



26.80 
86.68 

44.64 
63.66 
62.48 
71.40 

80.82 

89.28 

98.16 

107.12 

116.02 
124.98 
183.92 
142.80 

151.70 
160.66 
169.68 
178.52 

187.44 
196.34 
205.29 
21420 

228.13 
282.05 
240.98 
249.90 

258.88 
267.76 
276.68 
285.60 
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WEIGHTS OF FLAT ROLLED STEEL-Contlnued 

PER LINEAL FOOT 



W 



46* 



48' 



50' 



62' 



54' 



56' 



58' 



60* 



I 

It 

1ft 
!ft 

!ft 

!8 



28.08 
87.38 

46.72 
56.12 
65.44 

74.80 

84.09 

93.52 

102.81 

112.20 

121.56 
130.89 
140.27 
149.60 

158.96 
168.82 
177.66 
187.04 

196.32 
205.68 
215.04 
22440 

238.76 
243.10 
252.45 
261.80 

271.15 
280.50 
289.85 
299.20 



29.29 
39.11 

48.88 
58.65 
68.47 
78.20 

88.00 

97.76 

107.63 

117.31 

127.06 
136.86 
146.64 
156.40 

166.16 
175.99 
186.76 
195.52 

205.28 
215.04 
22484 
234.60 

244.88 
254.15 
263.93 
273.70 

283.48 
293.25 
303.03 
312.80 



30.64 
40.80 

61.04 
61.20 
71.44 
81.60 

91.84 
102.00 
112.24 
122.40 

132.68 
142.80 
153.00 
163.20 

173.40 
183.60 
193.84 
20400 

21424 
224.40 
234.60 
24480 

255.00 
265.20 
275.40 
285.60 

295.80 
306.00 
316.20 
326 40 



31.92 
42.52 

53.12 
63.76 
7440 
85.00 

95.60 

106.24 
116.88 
127.52 

138.12 
148.76 
159.36 
170.00 

180.64 
1^1.28 
201.84 
212.48 

223.12 
233.76 
24440 
255.00 

266.63 
276.25 
286.88 
297.50 

308.13 
318.75 
329.38 
340.00 



83.12 

44.24 

66.24 
66.32 
77.87 

88.40 

99.46 
110.48 
121.56 
132.64 

148.64 
154.72 
165.76 
176.80 

187.84 
198.88 
209.92 
221.00 

232.08 
243.08 
25416 
266.20 

276.25 
287.30 
298.35 
309.40 

320.45 
331.60 
342.55 
363.60 



3440 
46.92 

67.36 

68.88 
80.84 
91.84 

103.28 
11474 
126.22 
137.76 

149.16 
160.66 
172.15 
183.60 

195.08 
206.62 
218.02 
229.52 

241.00 
252.44 
263.92 
275.44 



36.96 

49.28 

61.60 
7400 
86.28 
98.56 

107.12110.96 
118.98123.20 
130.88 
142.85 



35.68 
47.60 

69.51 
71.44 
88.30 
95.20 



135.64 
147.94 



298.35 
309.83 
32L30 

332.78 
344.25 
355.73 
36720 



154.68 
166.60 
178.52 
190.40 

202.28 
21420 
226.10 
238.00 

249.88 
261.80 
273.68 
285.60 

297.50 
309.40 
321.80 
333.20 

345.10 
357.00 
368.90 

380.80 



160.20 
172.58 
184.88 
197.20 

209.60 
221.84 
2;M.18 
246.48 

268.80 
271.16 
283.62 
295.84 

308.18 
320.45 

382.78 
345.10 

a57.43 
369.75 
382.08 
39440 



38.24 
61.00 

63.76 

76.66 

89.28 

102.00 

11480 
127.62 
140.26 
153.06 

165.72 
178.48 
191.28 
204.00 

216.76 
•.48 
242.26 
255.02 

267.78 
280.48 
293.28 
306.04 

318.75 
331.50 
344.25 
357.00 

369.75 
382.50 
395.25 

408 00 
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CARNE«. 



-TEEL COMPANY 



yiTEiGHTS AND AREAS OF SQUARE AND ROUND 

BARS AND CIRCUMFERENCES OF 

ROUND BARS 

One cubic foot of steel weighing: 489.6 lbs. 



i'l-s 


¥«ghtof 
On* Foot Long 


▼tight of 

OB«r 

OnorootLiOg 


Am of 
inSq.I]ioh«8 


Am of 
inSq.IiuilieB 


inlnohat 


o 

s 


.013 
.063 
.119 


.OlO 
.042 
.094 


.0039 
.0166 
.0362 


.0031 
.0123 
.0276 


.1963 
.3927 
.6890 


i 


.212 
.333 
.478 
.661 


.167 
.261 
.376 
.611 


.0626 
.0977 
.1406 
.1914 


.0491 
.0767 
.1104 
.1603 


.7864 

.9817 

1.1781 

1.3744 


i 


.860 
1,076 
1.328 
1.608 


.667 

.846 

1.043 

1.262 


.2600 
.3164 
.3906 
.4727 


.1963 
.2486 
.3068 
.3712 


1.6708 
1.7671 
1.9636 
2.1598 


« 


1.913 
2.246 
2.603 
2.989 


1.602 
1.763 
2.044 
2.347 


.6626 
.6602 
.7666 
.8789 


.4418 
.6186 
.6013 
.6903 


2.3662 
2.5626 
2.7489 
2.9452 


1 

1 


8.4C0 
8.838 
4.303 
4.796 


2.670 
3.014 
3.370 
3.766 


l.OOOO 
1.1289 
1.2666 
1.4102 


.7864 

.8866 

.9940 

1.1076 


3.1416 
3.3379 
3.5343 
3.7306 


1 


6.812 
6.867 
6.428 
7.026 


4.173 
4.600 
6.049 
6.618 


1.6626 
1.7227 
1.8906 
2.0664 


1.2272 
1.3630 
1.4849 
1.6230 


3.0270 
4.1233 
4.3197 
4.6 160 


i 


7.660 
8.301 
8.978 
9.682 


6.008 
6.620 
7.061 
7.604 


2.2600 
2.4414 
2.6406 
2.8477 


1.7671 
1.9176 
2.0739 
2.2366 


4.7124 
4.0087 
6.1061 
6.3014 


i 


10.41 
11.17 
11.96 
12.76 


8.178 
8.773 
9.3C8 
10.02 


3.0626 
3.2862 
3.6166 
3.7639 


2.4068 
2.6802 
2.7612 
2.948^ 


6.4978 
6.6941 
6.8Q06 
6.0868 



yGOO^t 



CARNEGIE STEKL COMPANY 



SQUARE AND ROUND BARS-ContinuMi 



III 


Weight of 


▼tight of 


Am of 


Am of 




Qto 


Ob« 


QBt 


o^ 


ofOB« 


Its 


On« Foot Long 


On* Foot long 


iiL8q.Ineh6t 


in8q.Infih6t 


inlnohes 


a 


13.60 


10.68 


4.0000 


3.1416 


6.2832 


ii 


14.46 


11.36 


4.2639 


8.3410 


6.4796 


16.36 


12.06 


4.6166 


3.6466 


6.6769 


A 


16.27 


12.78 


4.7862 


3.7683 


6.8722 


1/ 


17.22 


13.62 


6.0626 


8.9761 


7.0686 


JL 


18.19 


14.28 


6.3477 


4.2000 


7.2649 


n 


19.18 


16.07 


6.6406 


4.4301 


7.4613 


A 


20.20 


16.86 


6.9414 


4.6664 


7.6676 


!k 


21.26 


16.69 


6.2600 


4.9087 


7.8640 




22.33 


17.63 


6.6664 


6.1672 


8.0603 


23.43 


18.40 


6.8906 


6.4119 


8.2467 


tt 


24.66 


19.29 


7.2227 


6.6727 


8.4430 


j< 


26.71 


20.20 


7.6626 


6.9896 


8.6894 


i 


26.90 


21.12 


7.9 102 


6.2126 


8.8367 


28.10 


22.07 


8.2666 


6.4918 


9.0321 


« 


29.34 


23.04 


8.6289 


6.7771 


9.2284 


8 


30.60 


24.03 


9.0000 


7.0686 


9.4248 


II 


81.89 


26.04 


9.3789 


7.3662 


9.6211 


3a20 


26.08 


9.7666 


7.6699 


9.8176 


^ 


34.66 


27.13 


10.160 


7.9798 


10.014 


jl^ 


36.92 


28.20 


10.638 


8.2968 


10.210 


H 


37.31 


29.30 


10.973 


86179 


10.407 


38.73 


30.42 


11.891 


8.9462 


10.603 


A 


40.18 


31.66 


11.816 


9.2806 


10.799 


^ 


41.66 


82.71 


12.260 


9.6211 


10.996 


S 


43.14 


33.90 


12.691 


9.9678 


11.192 


44.68 


36.09 


13.141 


10.321 


11.388 


ii 


46.24 


36.31 


13.698 


10.680 


11.685 


H 


47.82 


87.66 


14.063 


11.046 


11.781 


S 


49.42 


38.81 


14.636 


11.416 


11.977 


61.06 


40.10 


16.016 


11.703 


12.174 


** 


62.71 


41.40 


16.604 


12.177 


12.370 
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CARNEGIE STEEL COMPANY 



SQUARE AND ROUND BARS- Continued 



ill 


▼eight of 


111 


DBt 


^%n 


On* root Long 


4 


54.40 


^ 


66.11 


67.86 


A 


69.62 


V 


61.41 


h 


63.23 


H 


66.08 


A 


66.06 


^ 


68.86 


ft 


70.78 


72.73 


H 


74.70 


H 


76.71 


H 


78.74 


1? 


80.81 


« 


82.80 


€ 


86.00 


tV 


87.14 


■i 


80.30 


A 


01.40 


V 


03.72 


t 


96.06 


08.23 


iV 


100.6 


Ji 


102.8 


sS 


106.2 


107.6 


« 


IIO.O 


H 


112.4 


•« 


114.9 


117.4 


« 


119.9 



▼dghtof 
One Foot Long 



42.73 
44.07 

46.83 

48.24 
49.66 
61.11 
62.68 

64.07 
66.69 
67.12 
68.67 

60.26 
61.84 
63.46 
66.10 

66.76 
68.44 
70.14 
71.86 

73.60 
76.37 
77.16 
78.96 

80.77 
82.62 
84.49 
86.38 

88.29 
90.22 
92.17 
94.14 



Area of 
in 8q. Inehet 



16.000 
16.604 
17.016 
17.636 

18.063 
18.698 
19.141 
19.691 

20.260 
20.816 
21.391 
21.973 

22.663 
23.160 
23.766 
24.379 

26.000 
26.629 
26.266 
26.910 

27.663 
28.223 
28.891 
29.666 

30.260 
30.941 
31.641 
32.348 

33.063 
33.785 
34.616 
36.264 



Area of 
in 8q. InolieB 



12.666 
12.962 
13.364 
13.772 

14.186 
14.607 
16.033 
16.466 

16.904 
16.349 
16.800 
17.267 

17.721 
18.190 
18.666 
19.147 

19.636 
20.129 
20.629 
21.136 

21.648 
22.166 
22.691 
23.221 

23.768 
24.301 
24.860 
26.406 

26.967 
26.635 
27.109 
27.688 



dmnnxbraiM 
ofQBtf 
inlnohet 



12.666 
12.763 
12.969 
13.166 

13.362 
13.648 
13.744 
13.941 

14.137 
14.334 
14.630 
14.726 

14.923 
16.119 
15.316 
16.612 

16.708 
16.904 
16.101 
16.297 

16.498 
16.690 
16.886 
17.082 

17.279 
17.476 
17.671 
17.868 

18.064 
18.261 
18.467 
18.653 
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SQUARE 


AND ROUND BARS-Continued 


1 




Weight of 
One Foot Long 


Weight of 
One Foot Long 


Am of 

DBt 

inS4.1nfihe8 


Am of 

OB« 
in8q.InfiheB 


Oiroambrenot 
dQUr 
inlnehes 


6 

A 


122.4 
126.0 
127.6 
130.2 


96.14 
98.14 
100.2 
102.2 


36.000 
36.764 
37.616 
38.286 


28.274 
28.866 
29.466 
30.069 


18.860 
19.046 
19.242 
19.439 


A 


182.8 
136.6 
138.2 
140.9 


104.3 
106.4 
108.6 
110.7 


39.063 
39.848 
40.641 
41.441 


80.680 
31.296 
31.919 
32.648 


19.636 
19.831 
20.028 
20.224 


1 


143.6 
146.6 
149.2 
162.1 


112.8 
114.9 
117.2 
119.4 


42.260 
43.066 
43.891 
44.723 


33.183 
33.824 
34.472 
36.126 


20.420 
20.617 
20.813 
21.009 


« 


164.9 
167.8 
160.8 
163.6 


121.7 
123.9 
126.2 
128.6 


46.663 
46.410 
47.266 
48.129 


36.786 
36.460 
37.122 
37.800 


21.206 
21.402 
21.698 
21.796 


7 

1 


166.6 
169.6 
172.6 
176.6 


130.9 
133.2 
136.6 
137.9 


49.000 
49.879 
60.766 
61.660 


38.486 
39.176 
39.871 
40.674 


21.991 
22.187 
22.384 
22.680 


1 


178.7 
181.8 
184.9 
188.1 


140.4 
142.8 
146.3 
147.7 


62.663 
63.473 
64.391 
65.316 


41.282 
41.997 
42.718 
43.446 


22.777 
22.973 
23.169 
23.366 


1 


191.3 
194.4 
197.7 
200.9 


160.2 
162.7 
166.2 
167.8 


66.260 
67.191 
68.141 
69.098 


44.179 
44.918 
46.664 
46.416 


23.662 
23.768 
23.956 
24.161 


« 


204.2 
207.6 
210.8 
214.2 


160.8 
163.0 
166.6 
168.2 


60.063 
61.036 
62.016 
63.004 


47.173 
47.937 
48.707 
49.483 


24.347 
24.544 
24.740 
24.936 
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CARNEGIE STEEL COMPANY 




SQUARE 


AND ROUND BARS-Continu^d 


III 


¥«iglitof 


Wdghtof 


Am of 


Am of 


(SieuDfiraioe 


u^ 


o^ 


QlUr 


o^ 


ofQBar 


i'%a 


On« Foot long 


One root long 


in8q.Iheh6t 


in8ii.Ineh6t 


in Inches 


a 


217.0 


171.0 


04.000 


50.265 


25.133 


A 


221.0 


173.6 


65.004 


51.064 


25.329 


^ 


224.6 


176.3 


66.016 


51.849 


25.525 


t 


228.0 


179.0 


67.035 


52.649 


25.722 


X 


231.4 


181.8 


68.063 


58.456 


25.918 


% 


234.9 


184.5 


69.098 


54.269 


26.114 


238.5 


187.3 


70.141 


55.088 


26.311 


A 


242.0 


190.1 


71.191 


56.914 


26.507 


}i 


245.6 


193.0 


72.250 


56.745 


26.704 


% 


24G.3 


195.7 


78.316 


67.583 


26.900 


252.G 


198.7 


74.891 


58.426 


27.096 


H 


256.0 


201.6 


75.478 


59.276 


27.293 


x^ 


260.3 


204.4 


76.563 


60.182 


27.489 


;z 


264.1 


207.4 


77.660 


60.994 


27.685 


267.9 


210.3 


78.766 


61.862 


27,882 


tf 


271.6 


213.3 


79.879 


62.737 


28.078 


e 


275.4 


216.3 


81.000 


63.617 


28.274 


ti 


279.3 


219.3 


82.129 


64.505 


28.471 


283.2 


222.4 


83.266 


65.397 


28.667 


A 


287.0 


225.4 


84.410 


66.296 


28.863 


X 


290.9 


228.5 


85.568 


67.201 


29.06O 


A 


294.9 


231.5 


86.723 


68.112 


29.256 


?l 


298.9 


234.7 


87.891 


69.029 


29.452 


A 


302.8 


237.9 


89.066 


69.953 


29.649 


^ 


306.8 


241. 


90.250 


70.882 


29.846 


t 


310.9 


244.2 


91.441 


71.818 


30.041 


315.0 


247.4 


92.641 


72.760 


dO.238 


tt 


319.1 


250.6 


93.848 


73.708 


30.434 


X 


323.2 


253.9 


95.063 


74.662 


80.681 


« 


327.4 


257.1 


96.285 


75.622 


30.827 


% 


331.6 


260.4 


97.516 


76.589 


31.028 


\i 


335.8 


263.7 


98.754 


77,561 


31.022 


1 
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SQUARE AND ROUND BARS-Contlnu«o 



H^ 


▼fligktof 
One Foot Long 


Weight of 

OB.' 
One root JAig 


imof 

DB.^ 

in8q.Iiio]ie8 


imof 

OB.' 
ln8q.l]iohfli 


(Hrcamftnnn 
rfOB- 
inlAAliiB 


10 

! 


840.0 
844.8 
848.6 
852.0 


267.0 
270.4 
278.8 
277.1 


lOO.OO 
101.25 
102.52 
108.70 


78.640 
70.525 
80.516 
81.518 


81.416 
81.612 
81.809 
82.006 


1 


867.2 
861.6 
866.0 
870.4 


280.6 
284.0 
287.4 
200.9 


106.06 
106.85 
107.64 
1O8.04 


82.516 
88.525 
84.541 
85.562 


82.201 
82.398 
82.594 
82.700 


1 


874.9 
870.4 
888.8 
888.8 


204.4 
207.0 
801.4 
805.0 


110.25 
111.57 
112.80 
114.22 


86.500 
87.624 
88.664 
80.710 


82.087 
33.183 
88.379 
83.676 




802.0 
807.5 
402.1 
406.8 


808.6 
812.2 
815.8 
819.6 


115.66 

iiaoi 

118.27 
110.68 


90.763 
&1.821 
02.886 
93.056 


88.772 
88.068 
84.166 
84.361 


11 


411.4 
416.1 
420.9 
425.5 


828.1 
826.8 
830.6 
884.8 


121.00 
122.88 
123.77 
126.16 


95.083 
06.116 
07.206 
08.801 


84.558 
84.754 
34.050 
85.147 


A 


480.8 
435.1 
480.0 
444.8 


387.9 
841.7 
845.6 
840.4 


126.66 
127.07 
129.89 
180.82 


00.402 
100.51 
101.62 
102.74 


85.348 
36.580 
35.786 
85.032 


i 


449.6 
464.5 
450.5 
464.4 


863.1 
867.0 
860.0 
864.8 


182.25 
133.69 
135.14 
186.60 


108.87 
106.00 
106.14 
107.28 


36.128 
86.325 
36.521 
36.717 


H 


469.4 
474.4 
470.6 
484.5 


868.6 
872.6 
876.6 
880.6 


138.06 
139.54 
141.02 
142.50 


108.48 
100.50 
110.76 
111.02 


86.014 
37.1 lO 
87.806 
87.503 
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WEIGHT OF SHEETS OF WROUGHT IRON, STEEL, 

COPPER AND BRASS (FROM HASWELL) 

Weights per square foot. Thickness by Birmingham Gavg« 



lnafQMge 


TUeknaniA 


Inm 


8tMl 


Gonai 


Biui 


O 


.464 
.84 


18.22 
17.06 
15.26 
ia64 


18.46 
17.28 
16.46 
1332 




19.48 

iii§ 

14.66 


I 

8 

4 
6 


.269 
.238 
.22 


12.04 

11.40 

10.39 

9.66 

833 


12.20 

11.66 

10.63 

9.68 

8.96 


13.69 
12.87 
11.73 
10.78 
9.97 


12.84 
12.16 
11.09 
10.19 
9.42 


I 

9 
lO 


.203 
.18 

.134 


8.16 
7.22 
6.62 
6.94 
6.88 


8.26 
7.32 

6.46 


9.20 
8.16 

6.07 


6!74 


\i 

18 
14 
16 


.12 

.109 

.096 

.083 

.072 


a8i 

3.33 
2.89 


3.86 
i!93 


6.44 
4.94 
4.30 

1^ 


2i^ 

3.oe 


20 


.066 
.068 
.049 
.042 
.036 


2.61 
2.33 
1.97 
1.69 
1.40 


2.64 
2.36 
1.99 
1.71 
1.42 


2.94 
2.63 
2.22 
1.90 
1.69 


2.78 

Its 


28 
24 
26 


.02 


li38 
1.12 
1.00 
.883 
303 


130 
1.14 
1.02 
.896 
313 


1.46 


i:IS 


29 
80 


:8tl 
:81l 

.012 


.722 
.642 
.662 
.622 
.482 


.732 
.661 
.669 


316 

:^ 

.689 
.644 


.699 
.666 
.614 


1^ 

86 


:8S9 

.008 

:882 


.401 

Hi 


^ 


.463 


.428 

!S42 
.300 
.214 


Specific gr 
Weight cul 

Weight cul 


ftvitv . . 
bic foot . 
bic inch . 


.2787 


7.806 


8.698 


a218 

6ia6 

.2972 
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WEIGHT OF SHEETS OF WROUGHT IRON, STEEL, 
COPPER AND BRASS (FROM HA8WELU 

Weights per sq. ft. Thickness by American (Browne & Sharpe's) (^uge 



lo.afQ«ige 


"gr*" 


Iron 


su.. 


Oapp« 


Bnss 


OOOO 
0(X> 

oo 




:tS9e 

.3648 
•3249 


18.46 
16.44 
14.64 
13.04 


18.70 
16.66 
14.83 
13.21 


16^63 
14.72 


i^n 


1 

2 
3 

t 


.2893 

.2043 
.1819 


11.61 

9'.21 
8.20 
7.30 


11.76 

10.48 

9.33 

?:li 


13.11 

in 


18 


6 

I 

9 
lO 


.1620 
.1443 
.1286 
.1144 
.1019 


6.60 

1:11 

4.69 
4.09 


6.69 

i:iS 


7.34 

6.18 
4.62 


6.93 


11 

il 
It 


.0907 


3.64 


3.69 
3.29 
2.93 


4.11 
3.66 
3.26 

§-8g 


3.88 

m 


16 


.0608 


2.04 

ill 


l!46 
1.30 


2.30 

?:^ 
i:S 


2.18 
1.94 

i:2l 

1.37 


21 
26 


.0286 

.0201 
.0179 


1.14 


1.16 


1.29 

ill 


1.22 

.860 
.766 


26 


.0169 
.0142 
.0126 
.0113 
.OlOO 


.640 

.462 
.402 


.648 

:ISI 


.722 
.643 
.673 

:& 


.682 


31 
32 
33 
34 
36 


.0089 
.(X)80 

:88?4 

.0066 


.368 
.319 
.284 
.263 
.226 


.363 
.323 
.288 
.266 
.228 


.404 


.382 

J18 



As there are many ffanffes in use differinff from each other, and even 
the thick nesses of a certain specified ffanffe. as the Birminsrham, are not 
assumed the same by all mannfactarers, orders for sheets and wire 
should always state the weight per square foot, or the thickness in 
thousandths of an inch. 
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MENSURATION 
LENGTH 

Circumference of circle = diameter X 3.1416. 

Diameter of circle = circumference X 0.8188. 

Side of square of equal periphery as circle = diameter X 0.7854. 

Diameter of circle of equal periphery as square = side X 1 . 2782. 

Side of an inscribed square = diameter of circle X 0.7071. 

Length of arc == No. of degrees X diameter X 0.008727. 

Circumference of circle whose diameter is 1 = 

7r = 8.14159265. 



log. TT =0.49714091 
|/ tr=1.778464. 
tr* =9.869604. 



r = 






c-«- -y-y 

X / 



\ ~ 



-=0.818810. 



=0.101821. 



-=0.56419a 



1 C* 
or very nearly =^ — 



o = |/r»~x«— (r— v). 



v = r-/ r.-^ 



or very nearly = -g--. 



AREA 

Triangle = base X half perpendicular height. 

Parallelogram = base X perpendicular height 

Trapezoid = half the sum of the parallel sides X perpendicular 

height. 
Trapezium, found by dividing into two triangles. 
Circle = diameter squared X 0.7854; or, 

= circumference squared X 0.0T958. 
Sector of circle rr lenfrth of arc X half radius. 
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MENSURATION -Continued 

Segment of circle = area of sector less triangle ; also for flat 



segments very nearly = 



4v 
3 



yo!s 



Side of square of equal area as circle = diameter X 0. 
also = circumference X 0.2821. 

Diameter of circle of equal area as square = side X 1 . 1284. 

Parabola = base X yi height. 

Ellipse = long diameter X short diameter X 0.7854. 

Regular polygon = sum of sides X half perpendicular distance 
from center to sides 

Surface of cylinder = circumiexcuco a neignt + area of both 
ends. 

Surface of sphere = diameter squared X 3.1416; also = cir- 
cumference X diameter. 

Surface of a right pyramid or cone = periphery or circumfer- 
ence of base X half slant height. 

Surface of a f rustrum of a regular right pyramid or cone = sum 
of peripheries or circumferences of the two ends X half 
slant height + area of both ends. 

The following formulae are used to obtain the areas of 
irregular plane surfaces which are bounded by a base line *• r^** 
and two ordinates ** a" and **^'* as per fig^e. 



h.-i 



h. 



14. — ^ — 4i«. — ^ — 4j#._. . ^. —*»,.— 

The formulae are given in the order of their accuracy be- 
ginning with the most accurate. 

The surface is divided into any number («) of parallel 
strips having the same widths d and whose middle ordinates 
are represented by k^ h^ h^,'. ^n~i and hu* 

Googi 
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MENSURATION-Contlnued 

L Area = dx?^ h+ ^(Q aH-h,-9 hi)+-4-(S b+h..^— 9 h.) 

(Francke's rule.) 

II. Area = dX5^h + ^(a-hi)+-^(b— h„). 

(Poncelet*s rule.) 
III. Area = dXSli. 

These formulae are more convenient for use than Simpson's 
rule, and I and II give generally and III sometimes more 
accurate results. 

^ stands for sum of 

SOLID CONTENTS 

Prism, right or oblique = area of base X perpendicular height. 

Cylinder, right or oblique = area of section at right angles to 
sides X length of side. 

Sphere = diameter cubed X 0.5286; also = surface X Ye diam- 
eter. 

Pyramid or cone, right or oblique, regular or irregular, = area 
of base X K perpendicular height. 

PRISMOIDAL FORMULA 

A prismoid is a solid bounded by six plane surfaces only 
two of which are parallel. 

To find the contents of a prismoid, add together the areas of 
the two parallel surfaces and four times the area of a sec- 
tion taken midway between and parallel to them, and 
multiply the sum by ^th of the perpendicular distance 
between the parallel surfaces. 

UigitizedbyCjOOgi 



AVOIRDUPOIS OR ORDINARY COMMERCIAL WEIGHT 
UNITED STATES AND BRITISH 



GrossTon 


Cwti 


Pounds 


Onnoes 


050 


20. 
1 
0.0089 


2240 1 85840. 

112. 1792. 

1. 1 16. 

0.0625 ( 1. 



1 pound = 27.7 cubic inches of distilled water at its maxi- 
mum density (89** Fahrenheit). 



LONG MEASURE 
UNITED STATES AND BRITISH 



Miles 


Rods 


Tards 


Feet 


Inahes 


1. 

0.003125 

0.000568 

0.0001894 

0.0000158 


320. 
1. 

0.1818 
0.0606 
0.005051 


1760. 
5.5 
1. 

0.8333 
0.02778 


5280. 
16.5 
8. 
1. 
0.08838 


63360. 

198. 

36. 

12. 

1. 



The British measures are shorter than those of the U. S. 
by about 1 part in 17230 or 3.677 inches in a mile. 

A fathom = 6 feet A Gunter's surveying chain = 66 feet 
cr 4 rods, 80 chains making a mile. 



SQUARE OR LAND MEASURE 
UNITED STATES AND BRITISH 



Sq. Miles 


lores 


Sq. Rods 


Sq. Tards 


Sq.Feet 


Sq.Ine]ies 


1. 


640. 
1. 


102400. 
160. 
1. 
0.0331 


3097600. 
4840. 
80.25 
1. 

0.111 


27878400. 
43560. 
272.25 
9.0 
1. 
0.00694 


6272640 

39204 

1296 

144 

1 
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WEIGHTS AND MEASURES -Continued 

CUBIC OR SOLID MEASURE 
UNITBD STATES AND BRITISH 

1728 cubic inches = 1 cubic foot 
27 cubic feet = 1 cubic yard. 
A cord of wood = 4' X 4' X 8' = 128 cubic feet 
A perch of masonry = 16.5' X 1.5' X 1' = 24.75 cubic feet» 
but is generally assumed at 26 cubic feet 



DRY MEASURE 
UNITBD STATES ONLY 



♦ 



StrneicBaBb. 


Pwki 


Onarti 


FiBti 


Galktt 


OabklBflk 


1 


4 


82. 


64 


8. 


2150. 




1 


8. 


16 


2. 


687.6 






1. 


2 


0.25 


67 2 






0.5 


1 


0.125 


886 






4. 


8 


1. 


268.8 



A gallon of liquid measure = 281 cubic inches. 

A heaped bushel = !>( struck bushels. The cone in a 
heaped bushel must be not less than 6 inches high. 

A barrel of U. S. hydraulic cement = 800 to 810 lbs. usu- 
ally and of genuine Portland cement = 425 lbs. 

To reduce U. S. dry measures to British Imperial of the 
same name divide by 1.082. 



NAUTICAL MEASURE 

A nautical or sea mile is the length of a minute of longi- 
tude of the earth at the equator at the level of the sea. It 
is assumed at 6086.07 feet=l. 152664 statute or land miles by 
the United States Coast Survey. 

3 nautical miles=l league. 
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METRIC SYSTEM 



Linear MeMnrss 



Measures of Sniftoe 



Denomination 


ibbr. 


Myriameter. . . 




Kilometer..... 
Hectometer. . . 


km. 


Dekameter . . . 




Meter 


m. 
dm. 

mm. 


Decimeter .... 
Centimeter . . . 
MUlimeter.... 



Value 



Denomination 



10000 

1000 

100 

10 

1 



.1 

.01 
.001 



Sq. Kilometer 

Hectare 

Are 

(Centare... 
( Sq. Meter. 
Sq. Decimeter 
Sq. Centim . 
Sq. Millimeter 



ibbr. 



km« 
ha. 



m". 
dm». 
cm*. 
mm». 



Talne 



1000000 

10000 

100 

1 
1 



.01 

.0001 • 
.000001' 



Meuores of Tolnme 



leunres of Man 



fKiloliter.... 

Stere 

Cubic Meter 
Hectoliter .... 
Dekaliter 

( Cu. Decim. . 

J Liter 

Deciliter 

CentUiter 

( Cu. Centim.. 

J Milliliter.... 
Cu. Millimeter 
Microliter 



m». 

hi. 
dal. 
dm». 

L 

dl. 

cL 
cm*. 

ml. 
mm*. 



Yalne 



1000 

1000 

1000 

100 

10 

1 

1 



.1 

.01 

.001 

.001 

.000001 

.001 ml. 



Millier 

Tonneau .... 

Metric Ton. 

Quintal 

Myriagram. . . 

iKilog^ram . . . 
Kilo 

Hectogram. . . 
Dekagram . . . 

Gram 

Decigram .... 
Centigram . . . 
Milligram.... 
Microgram... 



ibbr. 



kg. 



g- 
dg. 
eg. 
mg. 

y. 



Talne 



1000 

1000 

1000 

100 

10 

1000 

1000 

100 

10 

1 



kg. 



.1 
.01 
.001 
.001 



mg. 
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INTERCHANGEABLE TABLES BETWEEN 
UNITED STATES AND METRIC SYSTEMS 

1 Meter=89.37 inches. (Act of Congress.) 

LONQ MEASURE 



lo. 


Mthsofulneh 

to 

Killimetars 


Millimeten 

to 

Mthsofulneh 


Inches 

to 

Oantimeton 


Centiiiieton 

to 

Indies 


1 


0.3969 


2.5197 


2.54 


0.3937 


2 


0.7938 


5.0894 


5.08 


0.7874 


8 


1.1906 


7.5590 


7.62 


1.1811 


4 


1.5875 


10.0787 


10.16 


1.5748 


5 


1.9844 


12.5984 


12.70 


1.9685 


6 


2.3813 


15.1181 


15.24 


2.3622 


7 


2.7781 


17.6378 


17.78 


2.7559 . 


8 


3.1750 


20.1574 


20.82 


3.1496 


9 


3.5719 


22.6771 


22.86 


3.5433 



lo. 


Metors 
to 
Feet 


Feet 

to 

Metors 


lUometors 

to 

Miles 


MUes 

to 

lilometers 


1 


3.2808 


0.3048 


0.62137 


1.60935 


2 


6.5617 


0.6096 


1.24274 


3.21869 


3 


9.8425 


0.9144 


1.86411 


4.82804 


4 


13.1233 


1.2192 


2.48548 


6.43739 


5 


16.4042 


1.5240 


3.i0685 


8.04674 


V 


19.6850 


1.8288 


3.72822 


9.65608 


T 


22.9658 


2.1336 


4.34959 


11.26543 


8 


26.2467 


2.4384 


4.97096 


12.87478 


9 


29.5275 


2.7482 


5.59233 


14.48412 



y Google 



CARNEGIE STEEL COMPANY 



276 



INTERCHANGEABLE TABLES BETWEEN 
UNITED STATES AND METRIC SYSTEMS 



SQUARE MEASURE 



lo. 


Square 
Inches to 

CeoSmeters 


Square 

Centimeters 

to Square 

Inches 


Square 
Feet to 


Square 
Meters to 


Square 
Ti^dsto 


Square 

Meiers to 

Square 

Yards 


1 


6.4616 


0.155 


0.0929 


10.7639 


0.8361 


1.196 


2 


12.9032 


0.310 


0.1858 


21.5278 


1.6722 


2.392 


3 


19.3548 


0.465 


0.2787 


32.2917 


2.5084 


3.588 


4 


25.8064 


0.620 


0.3716 


43.0556 


3.3445 


4.784 


5 


32.2581 


0.775 


0.4645 


53.8194 


4.1806 


5.980 


6 


38.7097 


0.930 


0.5574 


64.5833 


5.0167 


7.176 


7 


45.1613 


1.085 


0.6503 


75.3472 


5.8528 


8.372 


8 


51.6129 


1.240 


0.7432 


86.1111 


6.6890 


9.568 


9 


58.0645 


1.395 


0.8361 


96.8750 


7.5251 


10.764 


Ho. 


lores to 
Hectares 


Hectares 
to Acres 


Square 

Miles to 

Square 

lUometers 


Square 
Kilometers 
to Square 

Miles 


Square 
Miles to 
Hectares 


Hectares 

to Square 

Mfles 


1 


0.4047 


2.471 


2.59 


0.3861 


259.00 


0.00386 


2 


0.8094 


4.942 


5.18 


0.7722 


518.00 


0.00772 


3 


1.2141 


7.413 


7.77 


1.1583 


777.01 


0.01158 


4 


1.6188 


9.884 


10.36 


1.5444 


1036.01 


0.01544 


5 


2.0235 


12.355 


12.95 


1.9305 


1295.02 


0.01930 


6 


2.4282 


14.826 


15.54 


2.3166 


1554.02 


0.02317 


7 


2.8329 


17.297 


18.13 


2.7027 


1813.03 


0.02703 


8 


3.2376 


19.768 


20.72 


3.0887 


2072.03 


0.03080 


9 


3.6422 


22.239 


23.31 


3.4748 


2331.04 


0.03475 
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INTERCHANGEABLE TABLES BETWEEN 
UNITED STATES AND METRIC SYSTEMS 

1 Kilogram = 2.2046 pounds. (Act of Congress.) 
WEIGHTS 



Ho. 


lUognmt 

toOoiiMf 

Iroj 


Troj OnsAM 

to 

Gruns 


Gnku 

to 

MiUignnu 


Gnnu 

to 
Gnini 


GronTona 

toMetno 

Tons 


Metrie 

Tons to 

Grossly 


1 


82.1507 


31.1035 


64.8004 


15.432 


1.0161 


0.9842 


2 


64.3015 


62.2070 


129.6008 


30.864 


2.0321 


1.9684 


3 


96.4522 


98.3104 


194.4012 


46.296 


3.0482 


2.9526 


4 


128.6080 


124.4139 


259.2017 


61.728 


4.0642 


3.9368 


5 


160.7537 


155.5174 


324.0021 


77.160 


5.0803 


4.9210 


6 


192.9045 


186.6209 


388.8025 


92.592 


6.0963 


5.9052 


7 


225.0552 


217.7244 


453.6029 


108.024 


7.1124 


6.8894 


8 


257.2059 


248.8278 


518.4033 


123.456 


8.1285 


7.8736 


9 


289.3567 


279.9313 


588.2037 


138.888 


9.1445 


8.8578 


lo. 


iToirdnpois 
OnnoMto 
Qnuiu 


Clop«iitt 

toOnnoee 

iToirdnpoiB 


iToirdiipois 
Ponndsto 
lUognms 


iToirdupois 


let Tom 

toMetru 

Tom 


Metrie 
Ibnsto 
letlbna 


1 


28.3495 


35.274 


0.4536 


2.2046 


0.9072 


1.1023 


2 


56.6990 


70.548 


0.9072 


4.4092 


1.8144 


2.2046 


3 


85.0485 


105.822 


1.3608 


6.6138 


2.7216 


8.3069 


4 


113.8980 


141.096 


1.8144 


8.8184 


3.6288 


4.4092 


5 


141.7475 


176.370 


2.2680 


11.0230 


4.5360 


5.5115 


6 


170.0970 


211.644 


2.7216 


13.2276 


5.4432 


6.6138 


7 


198.4464 


246.918 


3.1752 


15.4322 


6.3504 


7.7161 


8 


226.7959 


282.192 


3.6288 


17.6368 


7.2576 


8.8184 


9 


255.1454 


317.466 


4.0824 


19.8414 


8.1647 


9.9207 
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INTERCHANGEABLE TABLES BETWEEN 

UNITED STATES AND METRIC SYSTEMS 

1 T 4f*»r— 10567 Quarts— Liquid Measure, /a^*. «r r^««^^«« ^ 
1 Liter_Q gog guarts^Dry Measure. ^^^^ ^^ Congress.) 

LIQUID AND DRY MEASURE 



lo. 


Liters to Qiuurts 


Qiuurts to Liters 


Liters 
to 


Gallons 
to 




Liquid 


Dry 


Liquid 


Brj 


Gallons 
Liquid 


Liters 
Liquid 


1 


1.0567 


0.908 


0.9463 


1.1013 


0.2642 


3.7854 


2 


2.1134 


1.816 


1.8927 


2.2026 


0.5284 


7.5707 


8 


3.1701 


2.724 


2.8390 


3.8040 


0.7925 


11.3561 


4 


4.2268 


8.632 


8.7854 


4.4053 


1.0567 


15.1415 


5 


5.2835 


4.540 


4.7317 


5.5066 


1.3209 


18.9268 


6 


6.3402 


5.448 


5.6781 


6.6079 


1.5851 


22.7122 


7 


7.3969 


6.356 


6.6244 


7.7093 


1.8492 


26.4976 


8 


8.4536 


7.264 


7.5707 


8.8106 


2.1134 


30.2830 


9 


9.5103 


8.172 


8.5171 


9.9119 


2.3776 


34.0683 


lo. 


Onbio Meters 

to Gallons 

Liquid 


GaUonsto 

Cabic Meters 

Liquid 


Hectoliters 

to Bushel! 

Dry 


Bushels to 
lectoUters 


1 




264.17 


0.0038 


2.8375 


0.3524 


2 




528.34 


0.0076 


5.6750 


0.7048 


8 




792.51 


0.0114 


8.5125 


1.0573 


4 




1056.68 


0.0151 


11.3500 


1.4097 


5 




1820.85 


0.0189 


14.1875 


1.7621 


6 




1585.02 


0.0227 


17.0250 


2.1145 


7 




1849.19 


0.0265 


19.8625 


2.4670 


8 




2113.36 


0.0303 


22.7000 


2.8194 


9 




2377.53 


0.0341 


25.5375 


3.1718 
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CUBIC. 


HORSE PCWER AND TON MEASURES 




lo. 


Cabio 

Oaitinuten 

to Cable 

Indies 


Cable 
Inehesto 

Cable 
Oentimeton 


Cable 

Meters to 

Gable 

Feet 


Cable 
Feet to 
Cable 
Metori 


Cable 

Metorsto 

Cable 

Tards 


Gable 

I&rdsto 

Gable 

Meten 


1 


0.061 


16.8984 


85.816 


0.0288 


1.808 


0.7646 


2 


0.132 


82.7869 


70.682 


0.0566 


2.616 


1.5291 


8 


0.188 


49.1808 


106.948 


0.0849 


8.924 


2.2986 


4 


0.244 


65.5788 


141.264 


0.1188 


5.282 


8.0581 


5 


0.805 


81.9672 


176.580 


0.1416 


6.540 


8.8226 


6 


0.866 


98.8607 


211.896 


0.1699 


7.848 


4.6872 


7 


0.427 


114.7541 


247.212 


0.1982 


9.156 


5.8517 


8 


0.488 


181.1475 


282.528 


0.2265 


10.464 


6.1162 


9 


0.549 


147.5410 


817.844 


0.2548 


11.772 


6.8807 


lo. 


lene Power 

Metrie 

to 

U.S. 


Hone Power 

U.S. 

to 

Metrie 


Foot-joond. 
lUogram- 


to 
Foot-poands 


Gross Tons 
per8q.Ft. 
VlStrie 
Tons per 
Sq. Meter 


Metru 

Tons par 

8Q.Me£^to 

&MST^ 

p«r8<i.r«* 


1 


0.986 


1.014 


0.1888 


7.2829 


10.987 


0.091 


2 


1.978 


2.028 


0.2765 


14.4659 


21.878 


0.188 


8 


2.959 


8.042 


0.4148 


21.6988 


82.810 


0.274 


4 


8.945 


4.056 


0.5580 


28.9817 


48.747 


0.866 


5 


4.982 


5.069 


0.6918 


86.1646 


54.684 


0.457 


6 


5.918 


6.088 


0.8295 


48.8976 


65.620 


0.549 


7 


6.904 


7.097 


0.9678 


50.6805 


76.557 


0.640 


8 


7.890 


8.111 


1.1061 


57.8684 


87.494 


0.781 


9 


8.877 


9.125 


1.2448 


65.0968 


98.481 


0.828 



y Google 
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UNITED 



lo. 


lilo. per Meter 
Ponnds per foot 


Pounds per Foot 
Kilo, per Meter 


Kilo, per Square 
Meter to Pounds 
per Square Foot 


Pounds per Square 

Foot to Kilo, 
per Square Meter 


1 


0.6720 


1.4882 


0.2048 


4.8826 


2 


1.3439 


2.9764 


0.4096 


9.7649 


3 


2.0169 


4.4646 


0.6144 


14.6474 


4 


2.6879 


6.9527 


0.8193 


19.6299 


5 


3.3598 


7.4409 


1.0241 


24.4123 


6 


4.0318 


8.9291 


1.2289 


29.2948 


7 


4.7037 


10.4172 


1.4337 


34.1773 


8 


6.3767 


11.9064 


1.6385 


39.0597 


9 


6.0477 


13.3936 


1.8433 


43.9422 


lo. 


Iilo.perCDbio 
Meter to Pounds 
per Gabio Foot 


Ponnds per Cubic 

Foot to Kilo, 
per Cubic Meter 


Kilo, per Square 

Oentuueterto 

Pounds Der Square 


Pounds per Square 
InohtoKno. 
per Square 


1 


0.0624 


16.0192 


14.2282 


0.0703 


2 


0.1248 


32.0385 


28.4466 


0.1406 


3 


0.1873 


48.0577 


42.6697 


0.2109 


4 


0.2497 


64.0769 


66.8929 


0.2812 


6 


0.3121 


80.0962 


71.1161 


0.3516 


6 


0.3746 


96.1154 


85.3394 


0.4218 


7 


0.4870 


112.1346 


99.5626 


0.4922 


8 


0.4994 


128.1539 


113.7858 


0.5625 


9 


0.6618 


144.1731 


128.0090 


0.6328 
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 



lo. 


S^nar. 


Cube 


S4.Iloot 


On. Boot 


I*g. 


iOOOxKodp. 


No. 


= Di*. 




Oirwun. 


Am 


1 


1 


1 


1.0000 


1.0000 


0.00000 


1000.000 


8.142 


0.7864 


2 


4 


8 


1.4142 


1.2599 


0.80108 


500.000 


6.288 


8.1416 


8 


9 


27 


1.7821 


1.4422 


0.47712 


333.338 


9.425 


7.0686 


4 


16 


64 


2.0000 


1.5874 


0.60206 


250.000 


12.566 


12.5664 


6 


25 


126 


2.2861 


1.7100 


0.69897 


200.000 


15.708 


19.6850 


6 


86 


216 


2.4495 


1.8171 


0.77815 


166.667 


18.850 


28.2748 


7 


49 


848 


2.6458 


1.9129 


0.84510 


142.857 


21.991 


88.4846 


8 


64 


612 


2.8284 


2.0000 


0.90309 


125.000 


25.183 


60.2656 


9 


81 


729 


8.0000 


2.0801 


0.95424 


111.111 


28.274 


68.6178 


10 


100 


1000 


8.1628 


2.1644 


1.00000 


100.000 


81.416 


78.5396 


11 


121 


1881 


8.8166 


2.2240 


1.04189 


90.9091 


84.558 


95.0882 


13 


144 


1728 


8.4641 


2.2894 


1.07918 


88.8838 


37.699 


118.097 


IS 


169 


2197 


8.6056 


2.3518 


1.11894 


76.9281 


40.841 


182.782 


14 


196 


2744 


8.7417 


2.4101 


1.14618 


71.4286 


48.982 


158.988 


16 


226 


8876 


8.8780 


2.4662 


1.17609 


66.6667 


47.124 


176.715 


16 


266 


4096 


4.0000 


2.5198 


1.20412 


62.5000 


50.266 


201.062 


17 


289 


4918 


4.1281 


2.5718 


1.23045 


58.8285 


53.407 


226.980 


18 


824 


6882 


4.2426 


2.6207 


1.25527 


55.5656 


56.549 


254.409 


19 


861 


6859 


4.8589 


2.6684 


1.27875 


52.6316 


69.690 


288.529 


20 


400 


8000 


4.4721 


2.7144 


1.80106 


60.0000 


62.882 


814.150 


21 


441 


9261 


4.6826 


2.7689 


1.82222 


47.6190 


65.978 


846.861 


22 


484 


10648 


4.6904 


2.8020 


1.84242 


4^.4545 


69.115 


880.188 


28 


629 


12167 


4.7958 


2.8439 


1.86178 


48.4788 


72.257 


416.476 


24 


676 


18824 


4.8990 


2.8845 


1.88021 


41.6667 


75.398 


452.889 


25 


626 


15626 


6.0000 


2.9240 


1.89794 


40.0000 


78.540 


490.874 


26 


676 


17676 


6.0990 


2.9626 


1.41497 


88.4616 


81.681 


680.929 


27 


729 


19688 


6.1962 


8.0000 


1.48186 


87.0870 


84.828 


672.566 


28 


784 


21952 


6.2916 


8.0366 


1.44716 


86.7148 


87.965 


615.752 


29 


841 


24389 


6.3862 


8.0728 


1.46240 


84.4828 


91.106 


660.620 


80 


900 


2?000 


6.4772 


8.1072 


1.47712 


88.8888 


94.248 


706.858 


81 


961 


29791 


6.6678 


8.1414 


1.49186 


82.2581 


97.889 


754.768 


82 


1024 


82768 


6.6669 


8.1748 


1.60515 


81.2500 


100.531 


804.248 


88 


1089 


85987 


6.7446 


8.2076 


1.51851 


30.8080 


103.678 


855.299 


84 


1156 


89304 


6.8310 


8.2396 


1.58148 


29.4118 


106.814 


907.920 


85 


1225 


42875 


6.9161 


8.2711 


1.54407 


28.5714 


109.956 


962.118 


86 


1296 


46656 


6.0000 


8.3019 


1.55630 


27.7778 


118.097 


1017.88 


87 


1869 


50653 


6.0828 


3.3322 


1.66820 


27.0270 


116.289 


1075.21 


88 


1444 


64872 


6.1644 


3.3620 


1.57978 


26.8158 


119.881 


1184.11 


89 


1521 


59319 


6.2450 


3.8912 


1.59106 


25.6410 


122.522 


1194.69 


40 


1600 


64000 


6.3246 


8.4200 


1.60206 


25.0000 


125.66 


1266.64 


41 


1681 


68921 


6.4081 


8.4482 


1.61278 


24.8902 


128.81 


1820.25 


42 


1764 


74088 


6.4807 


8.4760 


1.62325 


28.8095 


181.95 


1885.44 


43 


1849 


79507 


6.5574 


8.5034 


1.63347 


23.2558 


135.09 


1452.20 


44 


1936 


86184 


6.6332 


3.5308 


1.64345 


22.7278 


188.28 


1520.68 


45 


2025 


91125 


6.7082 


3.5569 


1.65321 


22 2222 


141.87 


1590.48 


46 


2116 


97836 


6.7823 


8.5880 


1.66276 


21.7391 


144.51 


1661.90 


47 


2209 


103828 


6.8557 


8.6088 


1.67210 


21.2766 


147.66 


1784.94 


48 


2804 


110592 


6.9282 


8.6842 


1.68124 


20.8888 


150.80 


1809.56 


49 


2401 


117649 


7.0000 


8.6593 


1.69020 


20.4062 


158.94 


1885.74 
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 T0 1000 



No. 


Sqiuure 


Cube 


Sq.Koot 


Go. Root 


log. 


lOOOiRecip. 


Ho. = Dia. 


















Oircum. 


Area 


50 


2500 


125000 


7.0711 


8.6840 


1.69897 


20.0000 


157.08 


19^3. ?0 


61 


2601 


182651 


7.1414 


8.7084 


1.70767 


19.6078 


160.22 


2012.82 


52 


2704 


140608 


7.2111 


8.7325 


1.71600 


19.2308 


168.86 


2123.72 


58 


2809 


148877 


7.2801 


8.7568 


1.72428 


18.8679 


166.50 


2206.18 


&4 


2916 


157464 


7.8485 


8.rr98 


1.78289 


18.5185 


169.65 


2290.22 


55 


8025 


166875 


7.4163 


8.8030 


1.74086 


18.1818 


172.79 


2375.83 


56 


8186 


175616 


7.4888 


8.8259 


1.74819 


17.8571 


176.98 


2463.01 


57 


8249 


185193 


7.5498 


8.8485 


1.75687 


17.5489 


179.07 


2551.76 


58 


8864 


195113 


7.6158 


8.8709 


1.76848 


17.2414 


182.21 


2642.08 


59 


8481 


205879 


7.6811 


8.8980 


1.77085 


16.9492 


186.85 


2788.97 


60 


8600 


216000 


7.7460 


8.9149 


1.77816 


16.6667 


188.60 


2827.48 


61 


8721 


226981 


7.8102 


8.9366 


1.78588 


16.8984 


191.64 


2922.47 


62 


8844 


288828 


7.8740 


8.9579 


1.79289 


16.1290 


194.78 


8019.07 


68 


8969 


250047 


7.9878 


8.9791 


1.79984 


15.8780 


197.92 


8117.25 


61 


4096 


262144 


8.0000 


4.0000 


1.80618 


15.6250 


201.06 


8216.99 


65 


4225 


274625 


8.0628 


4.0207 


1.81291 


15.8846 


204.20 


8818.81 


66 


4856 


287496 


8.1240 


4.0412 


1.81954 


16.1616 


207.86 


8421.19 


67 


4489 


800768 


8.1864 


4.0615 


1.83607 


14.9254 


210.49 


8525.65 


68 


4634 


814482 


8.2462 


4.0817 


1.88251 


14.7059 


218.68 


8631.68 


69 


4761 


828509 


8.8066 


4.1016 


1.88885 


14.4928 


216.77 


8789.28 


70 


4900 


848000 


8.8666 


4.1218 


1.84610 


14.2857 


219.91 


8848.45 


71 


5041 


857911 


8.4261 


4.1408 


1.86126 


14.0846 


228.05 


8959.19 


72 


5184 


878248 


8.4858 


4.1602 


1.85788 


13.8889 


226.19 


40n.50 


78 


5829 


889017 


8.5440 


4.1798 


1.86882 


18.6986 


229.84 


4185.80 


74 


5476 


405224 


8.6023 


4.1988 


1.86923 


18.5185 


282.48 


4800.84 


75 


5625 


421875 


8.6603 


4.2172 


1.87506 


18.8838 


235.62 


4417.86 


76 


5776 


488976 


8.7178 


4.2358 


1.88081 


18.1579 


238.76 


4536.46 


77 


5929 


456533 


8.7750 


4.2543 


1.88649 


12.9870 


241.90 


4656.63 


78 


6084 


474552 


8.8818 


4.2727 


1.89209 


12.8205 


246.04 


4778.86 


79 


6241 


498089 


8.8882 


4.2906 


1.89768 


12.6582 


248.19 


4901.67 


80 


6400 


512000 


8.9448 


4.8089 


1.90809 


12.5000 


251.88 


6026.55 


81 


6.561 


531441 


9.0000 


4.8267 


1.90849 


12.8457 


254.47 


5153.00 


82 


6724 


5513C8 


9.0554 


4.3445 


1.91881 


12.1951 


257.61 


5281.02 


83 


6889 


571787 


9.1104 


4.8621 


1.91908 


12.0482 


260.76 


5410.61 


84 


7056 


592704 


9.1652 


4.3795 


1.92428 


11.9048 


263.89 


5541.77 


85 


7225 


614125 


9.2195 


4.8968 


1.92942 


11.7647 


267.04 


5674. ?i0 


86 


7896 


686056 


9.2736 


4.4140 


1.98450 


11.6279 


270.18 


5808.80 


87 


7569 


668508 


9.8274 


4.4310 


1.93952 


11.4943 


278.32 


5944.68 


88 


7744 


681472 


9.8808 


4.4480 


1.94448 


11.8636 


276.46 


6082.12 


89 


7921 


704969 


9.4340 


4.4647 


1.94939 


11.2360 


279.60 


6221.14 


90 


8100 


729000 


9.4868 


4.4814 


1.95424 


11.1111 


282.74 


6861.73 


91 


8281 


758571 


9.5394 


4.4979 


1.95904 


10.9890 


285.88 


6.503. H8 


92 


84C4 


778688 


9.5917 


4.5144 


1.96379 


10.8696 


289.03 


6647.01 


93 


8649 


804857 


9.6437 


4.5307 


1.90848 


10.7527 


292.17 


6792.91 


94 


8836 


880584 


9.6954 


4.5468 


1.97818 


10.6888 


295.31 


6939.78 


95 


9025 


867875 


9.7468 


4.5629 


i.yrr/2 


10.5268 


298.45 


7088.22 


96 


9216 


884786 


9.7980 


4.5789 


1.98227 


10.4167 


801.59 


7238.23 


97 


9409 


912673 


9.8189 


4.5947 


1.98677 


10.8093 


804.73 


7389.81 


98 


9604 


941192 


9.8995 


4.6104 


1.99128 


10.2041 


807.88 


7,542.96 


99 


9801 


970299 


9.9199 


4.6261 


1.99564 


10.1010 


811.02 


7697.69 
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FROM 1 T0 1000 



lo. 


Square 


CalM 


8q.Root 


On. Root 


I«g. 


lOOOxBodp. 


Io.= 


= Dtt. 




















OircTim. 


irea 


100 


10000 


1000000 


10.0000 


4.6416 


2.00000 


10.0000 


814.16 


7868.96 


101 


10201 


1080801 


10.0499 


4.6570 


2.00482 


9.90099 


817.80 


8011.86 


102 


10404 


1061208 


10.0995 


4.6723 


2.00860 


9.80692 


820.44 


8171.28 


103 


10609 


1092727 


10.1489 


4.6876 


2.01284 


9.70874 


828.68 


8833.29 


104 


10816 


1124864 


10.1980 


4.7027 


2.01T08 


9.61688 


826.78 


8494.87 


105 


11025 


1157625 


10.2470 


4.7177 


2.02119 


9.62881 


829.87 


8669.01 


106 


11286 


1191016 


10.2956 


4.7828 


2.02681 


9.48896 


888.01 


8824.78 


107 


11449 


1225048 


10.8441 


4.7475 


2.02988 


9.84579 


836.15 


8992.02 


108 


11664 


1259712 


10.8928 


4.7622 


2.08842 


9.25926 


889.29 


9160.88 


109 


11881 


1295029 


10.4408 


4.7769 


2.08748 


9.17481 


842.48 


9881.88 


110 


12100 


1881000 


10.4881 


4.7914 


2.04189 


9.09091 


845.68 


9508.88 


111 


12821 


1867681 


10.5857 


4.8059 


2.04582 


9.00901 


848.72 


9676.89 


113 


12544 


1404928 


10.5880 


4.8208 


2.04922 


8.92867 


861.86 


9852.08 


118 


12769 


1442897 


10.6801 


4.8846 


2.05808 


8.84956 


865.00 


10028.7 


114 


12996 


1481544 


10.6771 


4.8488 


2.05690 


8.77198 


868.14 


10307.0 


115 


18225 


1520875 


10.7288 


4.8629 


2.06070 


8.69565 


861.28 


10686.9 


116 


18456 


1560896 


10.7708 


4.8770 


2.06446 


8.62069 


864.42 


10568.8 


117 


18689 


1601618 


10.8167 


4.8910 


2.06819 


8.54701 


867.57 


10751.8 


118 


18924 


1648062 


10.8628 


4.9049 


2.07188 


8.47458 


870.71 


10986.9 


119 


14161 


1685159 


10.9087 


4.9187 


2.07566 


8.40886 


878.85 


11122.0 


120 


14400 


1728000 


10.9646 


4.9824 


2.07918 


8.88838 


876.99 


11809.7 


121 


14641 


1771561 


11.0000 


4.9461 


2.08279 


8.26446 


880.18 


11499.0 


122 


14884 


1815848 


11.0454 


4.9597 


2.08686 


8.19673 


888.27 


11689.9 


128 


15129 


1860667 


11.0906 


4.9782 


2.06991 


8.18008 


886.42 


11882.8 


124 


15876 


1906624 


11.1856 


4.9866 


2.09342 


8.06452 


889.56 


12076.8 


125 


15625 


1958125 


11.1808 


6.0000 


2.09691 


8.00000 


892.70 


18271.8 


126 


15876 


2000876 


11.2260 


5.0188 


2.10087 


7.93651 


896.84 


12469.0 


127 


16129 


2048888 


11.2694 


5.0265 


2.10880 


7.87402 


898.98 


18667.7 


128 


16884 


2097152 


11.8187 


5.0897 


2.10721 


7.81250 


402.13 


13868.0 


129 


16641 


2146689 


11.8578 


6.0528 


2.11069 


7.75194 


405.37 


13069.8 


180 


16900 


2197000 


11.4018 


6.0658 


2.11894 


7.69281 


406.41 


18378.2 


181 


17161 


2248091 


11.4455 


5.0788 


2.11727 


7.68359 


411.55 


18478.2 


182 


17424 


2299968 


11.4891 


5.0916 


2.12057 


7.67576 


414.69 


18684.8 


188 


17689 


2352687 


11.5826 


5.1045 


2.12885 


7.51880 


417.88 


18892.9 


184 


17956 


2406104 


11.6758 


5.1172 


2.12710 


7.46269 


420.97 


14102.6 


185 


18225 


2460876 


11.6190 


6.1299 


2.18088 


7.40741 


434.13 


14818.9 


186 


18496 


2515456 


11.6619 


5.1426 


2.13854 


7.35294 


437.26 


14586.7 


187 


18769 


2571858 


11.7047 


5.1551 


2.18672 


7.29927 


480.40 


14741.1 


188 


19044 


2628072 


11.7478 


5.1676 


2.18988 


7.24688 


488.54 


14967.1 


189 


19821 


2685619 


11.7898 


5.1801 


2.14801 


7.19424 


486.68 


15174.7 


140 


19600 


2744000 


11.8822 


6.1925 


2.14613 


7.14286 


489.82 


15398.8 


141 


19881 


2808221 


11.8748 


6.2048 


2.14922 


7.09220 


442.96 


15614.5 


142 


20164 


2868288 


11.9164 


5.2171 


2.15229 


7.04255 


446.11 


16886.8 


148 


20449 


2924207 


11.9588 


5.2293 


2.15584 


6.99301 


449.25 


16060.6 


144 


20786 


2985984 


12.0000 


5.2415 


2.15886 


6.94444 


462.89 


16886.0 


145 


21025 


8048625 


12.0416 


5.2536 


2.16187 


6.89665 


456.68 


16618.0 


146 


21816 


8112186 


12.0880 


6.2656 


2.16485 


6.84982 


458.67 


16741.5 


147 


21609 


8176528 


12.1244 


5.2776 


2.16732 


6.80272 


461.81 


16971.7 


148 


21904 


8241792 


12.1656 


6.2896 


2.17026 




464.96 


17808.4 


149 


22201 


8807949 


12.2066 


6.8016 


2.17819 


6.71141 


468.10 


17486.6 
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CARNEGIE STEEL COMPANY 



SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 T0 1000 



Ho. 


Square 


Cube 


Sq.Iloot 


CiLRoot 


I^. 


lOQOxIlfloip. 


Ho. = Dia. 




Oiroum. 


Area 


150 


22500 


8875000 


12.2474 


5.8188 


2.17609 


6.66667 


471.24 


17671.5 


151 


22801 


8442951 


12.2882 


5.8251 


2.17898 


6.62262 


474.38 


17907.9 


152 


28104 


8611808 


12.3288 


6.8868 


2.18184 


6.67895 


477.52 


18145.8 


158 


28409 


8681577 


12.8698 


6.3485 


2.18469 


6.53595 


4H0.66 


18385.4 


154 


28716 


8662264 


12.4097 


6.3601 


2.18752 


6.49851 


488.81 


18626.6 


155 


24025 


8728875 


12.4499 


6.8717 


2.19038 


6.45161 


486.95 


18869.2 


156 




8796416 


12.4900 


6.8832 


2.19812 


6.41026 


490.09 


19118.4 


157 


24649 


8869898 


12.6300 


5.3947 


2.19590 


6.86948 


498.23 


19359.8 


158 


24964 


8944812 


12.6698 


6.4061 


2.19866 


6.82911 


496.87 


19606.7 


159 


25281 


4019679 


12.6095 


5.4175 


2.20140 


6.28981 


499.51 


19855.7 


160 


25600 


4096000 


12.6491 


5.4288 


2.20412 


6.25000 


502.65 


20106.2 


161 


25921 


4178281 


12.6886 


6.4401 


2.20683 


6.21118 


505.80 


20358.8 


162 


26244 


4261528 


12.7279 


5.4514 


2.20952 


6.17284 


508.94 


20612.0 


168 


26569 


4830747 


12.7671 


5.4626 


2.21219 


6.13497 


512.08 


20867.2 


164 


26896 


4410944 


12.8062 


5.4737 


2.21484 


6.09756 


615.22 


21124.1 


165 


27225 


4492126 


12.8452 


6.4848 


2.21748 


6.06061 


618.36 


21882.6 


166 


27566 


4674296 


12.8841 


5.4969 


2.22011 


6.02410 


621.60 


21642.4 


167 


27889 


4667468 


12.9228 


5.5069 


2.22272 


5.98802 


624.65 


21904.0 


168 


28224 


4741632 


12.9616 


5.5178 


2.22581 


6.95238 


527.79 


22167.1 


169 


28561 


4826809 


18.0000 


5.5288 


2.22789 


6.91716 


580.98 


22481.8 


170 


28900 


4918000 


18.0884 


6.6897 


2.23045 


6.88285 


584.07 


22698.0 


171 


29241 


6000211 


18.076Y 


5.5505 


2.23300 


5.84796 


587.21 


22966.8 


172 


29684 


5088448 


18.1149 


5.6618 


2.28558 


6.81896 


fr«).85 


28285.2 


178 


29929 


5177717 


18.1529 


5.6721 


2.28805 


6.78035 


548.50 


23506.2 


174 


80276 


5268024 


18.1909 


6.6828 


2.24056 


5.74718 


646.64 


28T78.7 


175 


80625 


6859876 


18.2288 


6.5934 


2.24804 


5.71429 


549.78 


24052.8 


176 


80976 


6461776 


18.2665 


6.6041 


2.24651 


6.68182 


552.92 


24328.5 


177 


81829 


6646288 


18.3041 


5.6147 


2.24797 


5.64972 


556.06 


24605.7 


178 


81684 


5689762 


18.8417 


6.6252 


2.25042 


5.61798 


559.20 


24884.6 


179 


82041 


6786889 


18.8791 


5.6867 


2.25285 


5.68669 


562.86 


25164.9 


180 


82400 


6882000 


18.4164 


5.6462 


2.25527 


5.55566 


666.49 


25446.9 


181 


82761 


6929741 


18.4686 


5.6567 


2.25768 


6.52486 


568.68 


25780.4 


182 


83124 


6028568 


18.4907 


6.6671 


2.26007 


5.49451 


671.77 


26015.5 


188 


88489 


6128487 


18.6277 


6.6774 


2.26245 


5.46448 


674.91 


26302.2 


184 


88856 


6229504 


18.5647 


6.6877 


2.26482 


5.48478 


578.05 


26590.4 


186 


84225 


6881625 


18.6015 


5.6980 


2.26717 


6.40641 


581.19 


26880.3 


186 


84696 


6484856 


13.6382 


5.7063 


2.26951 


6.87634 


584.84 


27171.6 


187 


84969 


6689203 


13.6748 


6.7185 


2.27184 


5.84759 


587.48 


27464.6 


188 


85844 


6644672 


18.7118 


5.7287 


2.27416 


5.81915 


590.62 


27759.1 


189 


85721 


6761269 


18.7477 


5.7888 


2.27646 


5.29101 


598.76 


28055.2 


190 


86100 


6869000 


18.7840 


5.7489 


2.27875 


5.26816 


696.90 


28852.9 


191 


86481 


6967871 


18.8208 


5.7590 


2.28108 


5.23560 


600.04 


28652.1 


192 


86864 


7077888 


18.8564 


5.7690 


2.28330 


5.20838 


608.19 


28952.9 


198 


87249 


7189057 


18.8924 


6.7790 


2.28556 


5.18185 


606.83 


29255.8 


194 


87686 


7801884 


13.9284 


5.7890 


2.28780 


5.15464 


609.47 


29559.2 


196 


88026 


7414876 


13.9642 


5.7989 


2.29003 


6.12821 


612.61 


29864.8 


196 


88416 


7529536 


14.0000 


6.8088 


2.29226 


6.10204 


615.75 


80171.9 


197 


88809 


7645378 


14.0357 


5.8186 


2.29447 


5.07614 


618.89 


80180.6 


198 


89204 


7762892 


14.0712 


5.8285 


2.29667 


5.05051 


622.04 


80790.7 


199 


89601 


7880699 


14.1067 


5.8383 


2.29886 


5.02513 


625.18 


81102.6 
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CARNEGIE STEEL COMPANY 



SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FROM 1 T0 1000 



No. 


Sqiuure 


Cab« 


Sq.Root 


Co. Root 


Log. 


lOOOxKeoip. 


Ho. = Dk. 




















Oirenm. 


Area 


200 


40000 


8000000 


14.1421 


5.8480 


2.80108 


6.00000 


628.82 


81415.9 


201 


40401 


8120601 


14.1774 


5.8578 


2.80320 


4.97512 


631.46 


81780.9 


202 


40804 


8242408 


14.2127 


5.8675 


2.80686 


4.95050 


634.60 


82047.4 


208 


41209 


8866427 


14.2478 


6.8771 


2.80760 


4.92611 


687.74 


82865.5 


204 


41616 


8489664 


14.2829 


5.8868 


2.80968 


4.90196 


640.89 


82685.1 


205 


42025 


8615126 


14.8178 


5.8964 


2.81175 


4.87806 


644.08 


88006.4 


206 


42486 


8741816 


14.8527 


5.9059 


2.81887 


4.86487 


647.17 


88329.2 


207 


42849 


8869748 


14.8875 


5.9155 


2.81597 


4.88092 


650.81 


83653.5 


208 


48264 


8998912 


14.4222 


5.9250 


2.81806 


4.80769 


658.46 


83979.5 


209 


48681 


9129829 


14.4568 


5.9345 


2.82015 


4.78469 


666.59 


84907.0 


210 


44100 


9261000 


14.4914 


5.9489 


2.82222 


4.76190 


659.78 


34686.1 


211 


44521 


9898981 


14.5258 


6.9588 


2.82428 


4.78984 


662.88 


84966.7 


212 


44944 


9528128 


14.5602 


5.9627 


2.82684 


4.71698 


666.02 


85298.9 


218 


45869 


9668597 


14.6946 


5.9721 


2.82888 


4.69484 


669.16 


85632.7 


214 


45796 


9800844 


14.6287 


6.9814 


2.88041 


4.67290 


672.80 


85968.1 


215 


46225 


9988875 


14.6629 


5.9907 


2.88244 


4.66116 


675.44 


86805.0 


216 


46656 


10077696 


14.6969 


6.0000 


2.88446 


4.62968 


678.58 


86648.5 


217 


47089 


10218818 


14.7809 


6.0092 


2.88646 


4.60829 


681.78 


86983.6 


218 


47524 


10860282 


14.7648 


6,0185 


2.88846 


4.58716 


684.87 


87825.3 


219 


47961 


10508459 


14.7986 


6.0277 


2.84044 


4.66621 


688.01 


87668.5 


220 


48400 


10648000 


14.8824 


6.0868 


2.84242 


4.64545 


691.15 


88018.8 


221 


48841 


10793861 


14.8661 


6.0459 


2.84439 


4.52489 


694.29 


88359.6 


222 


49284 


10941048 


14.8997 


6.0560 


2.84685 


4.60450 


697.48 


88707.6 


228 


49729 


11089567 


14.9882 


6.0641 


2.84830 


4.48481 


700.58 


89057.1 


224 


50176 


11289424 


14.9666 


6.0782 


2.85025 


4>46429 


708.72 


89406.* 


225 


50625 


11890625 


15.0000 


6.0822 


2.85218 


4.44444 


706.86 


89760.8 


226 


51076 


11548178 


15.0888 


6.0912 


2.35411 


4.42478 


710.00 


40116.0 


227 


51529 


11697088 


15.0665 


6.1002 


2.85608 


4.40529 


718.14 


40470.8 


228 


51984 


11852352 


15.0997 


6.1091 


2.35798 


4.88596 


716.28 


40828.1 


229 


52441 


12008989 


15.1327 


6.1180 


2.85984 


4.86681 


719.42 


41187.1 


280 


52900 


12167000 


15.1658 


6.1269 


2.86178 


4.84788 


722.67 


41547.6 


231 


58361 


12326391 


15.1987 


6.1858 


2.36861 


4.82900 


726.71 


41909.6 


232 


53824 


12487168 


15.2815 


6.1446 


2.86549 


4.81084 


728.85 


42278.8 


233 


54289 


12649387 


15.2643 


6.1534 


2.36736 


4.29185 


781.99 


42638.5 


234 


54756 


12812904 


15.2971 


6.1622 


2.86922 


4.27850 


785.13 


43005.8 


235 


55225 


12977875 


15.8297 


6.1710 


2.37107 


4.25582 


788.27 


48378.€ 


236 


55696 


18144256 


15.8623 


6.1797 


2.87291 


4.28729 


741.42 


43748.6 


237 


56169 


18312058 


15.8948 


6.1885 


2.87475 


4.21941 


744.56 


44116.0 


238 


56644 


18481272 


15.4272 


6.1972 


2.87658 


4.20168 


747.70 


44488.1 


239 


57121 


18651919 


15.4596 


6.2058 


2.37840 


4.18410 


750.84 


44862.7 


240 


57600 


18824000 


15.4919 


6.2145 


2.88021 


4.16667 


753.98 


45238.9 


241 


58081 


18997521 


15.5242 


6.2231 


2.88202 


4.14988 


757.12 


46616.7 


242 


58564 


14172488 


15.5568 


6.2317 


2.38382 


4.18228 


760.27 


45996.1 


243 


59(M9 


14848907 


15.5885 


6.2403 


2.38561 


4.11528 


768.41 


46877. C 


244 


59536 


14626784 


15.6205 


6.2488 


2.38789 


4.09886 


766.55 


46759.fi 


245 


60025 


14706125 


15.6525 


6.2573 


2.38917 


4.08168 


769.69 


47143.6 


246 


60516 


14886936 


15. 6844 


6.2658 


2.89094 


4.06504 


772.88 


47529. S 


247 


61009 


15069228 


15.7162 


6.2743 


2.39270 


4.04858 


775.97 


47916.4 


248 


61504 


15252992 


15.7480 


6.2828 


2.39445 


4.08226 


779.12 


48305.1 


249 


62001 


15438249 


15.7797 


6.2912 


2.39620 


4.01606 


782.26 


48695.6 
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CARNEGIE STEEL COMPANY 



SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 



No. 


Sqoara 


Oab« 


Sq.&oot 


CiLRoot 


Log. 


lOOOxRMip. 


No. = ])ia. 






















GircTun. 


Area 


250 


62500 


15625000 


15.8114 


6.2996 


2.89794 


4.00000 


785.40 


49067.4 


251 


63001 


15818251 


15.8480 


6.3080 


2.39967 


8.98406 


788.54 


49480.9 


252 


68504 


16003008 


15.8745 


6.3164 


2.40140 


8.96825 


791.68 


49875.9 


253 


64009 


16194277 


15.9060 


6.8247 


2.40812 


8.96257 


794.82 


502r2.6 


254 


64616 


16887064 


15.9374 


6.3380 


2.40483 


8.98701 


797.96 


50670.7 


255 


65025 


16581875 


15.9687 


6.3418 


2.40664 


8.92157 


801.11 


51070.6 


256 


65586 


16777216 


16.000C 


6.3496 


2.40824 


8.90625 


804.25 


51471.9 


257 


66049 


16974598 


16.0312 


6.8579 


2.40993 


8.89105 


807.89 


51874.8 


258 


66564 


17178512 


16.0624 


6.3661 


2.41162 


3.87597 


810.53 


52279.2 


259 


67081 


17878979 


16.0935 


6.8743 


2.41880 


3.86100 


813.67 


52685.8 


260 


67600 


17576000 


16.1245 


6.8825 


2.41497 


8.84615 


816.81 


53092.9 


261 


68121 


17779581 


16.1555 


6.8907 


2.41664 


3.83142 


819.96 


53502.1 


262 


68644 


17984728 


16.1864 


6.8988 


2.41830 


3.81679 


823.10 


53912.9 


263 


69169 


18191447 


16.2173 


6.4070 


2.41996 


3.80228 


826.24 


54325.2 


264 


69696 


18899744 


16.2481 


6.4151 


2.42160 


3.78788 


829.38 


54789.1 


265 


70225 


18609625 


16.2788 


6.4232 


2.42325 


3.77368 


832.52 


55154.6 


266 


70756 


18821096 


16.8095 


6.4312 


2.42488 


3.75940 


835.66 


55571.6 


267 


71289 


19034168 


16.8401 


6.4393 


2.42651 


8.74682 


838.81 


55990.3 


268 


71824 


19248832 


16.8707 


6.4473 


2.42813 


3.73184 


841.96 


56410.4 


269 


72861 


19465109 


16.4012 


6.4553 


2.42976 


8.71747 


845.09 


66832.2 


270 


72900 


19688000 


16.4817 


6.4688 


2.48186 


8.70870 


848.28 


67255.6 


271 


78441 


19902511 


16.4621 


6.4713 


2.48297 


3.69004 


851.87 


57680.4 


272 


78984 


20128648 


16.4924 


6.4792 


2.48457 


3.67647 


854.51 


58106.9 


278 


74529 


20846417 


16.6227 


6.4872 


2.48616 


3.66300 


857.66 


58534.9 


274 


75076 


20570824 


16.5529 


6.4951 


2.48775 


3.64964 


860.80 


58964.6 


275 


75625 


20796875 


16.5881 


6.6030 


2.48933 


8.63636 


863.94 


59395.7 


276 


76176 


21024576 


16.6132 


6.5108 


2.44091 


8.62319 


867.08 


59828.5 


277 


76729 


21258988 


16.6483 


6.5187 


2.44248 


8.61011 


870.22 


60262.8 


278 


77284 


21484952 


16.6783 


6.5265 


2.44404 


8.59n2 


878.86 


60698.7 


279 


77841 


21717689 


16.7083 


6.5343 


2.44560 


3.68423 


876.50 


01136.2 


280 


78400 


21962000 


16.7332 


6.5421 


2.44716 


8.57148 


879.65 


61575.2 


281 


78901 


22188041 


16.7631 


6.5499 


2.44871 


8.55872 


882.79 


62015.8 


282 


79624 


22426768 


16.7929 


6.5677 


2.45025 


8.64610 


885.98 


62458.0 


288 


80069 


22666187 


16.8226 


6.5651 


2.45179 


3.63857 


889.07 


62901.8 


284 


80656 


22906804 


16.8523 


6.5781 


2.45382 


8.62113 


892.21 


63347.1 


285 


81225 


28149125 


16.8819 


6.5808 


2.45484 


8.50877 


895.35 


63794.0 


286 


81796 


28898656 


16.9115 


6.5885 


2.45637 


8.49650 


898.60 


64242.4 


287 


82869 


28689908 


16.9411 


6.5962 


2.45788 


8.48432 


901.64 


64692.5 


288 


82944 


2888?872 


16.9706 


6.6039 


2.45939 


8.47222 


904.78 


65144.1 


289 


88621 


24187669 


17.0000 


6.6115 


2.46090 


8.46021 


907.92 


65597.2 


290 


84100 


24889000 


17.0294 


6.6191 


2.46240 


8.44828 


911.06 


66052.0 


291 


84681 


24642171 


17.0587 


6.6267 


2.46389 


3.43643 


914.20 


66508.8 


292 


85264 


24897088 


17.0680 


6.6848 


2.46588 


3.42466 


917.85 


66966.2 


298 


86849 


25168757 


17.1172 


6.6419 


2.46687 


3.41297 


920.49 


67426.6 


294 


86486 


25412184 


17.1464 


6.6494 


2.46885 


8.40136 


923.68 


67886.7 


296 


87026 


25672875 


17.1766 


6.6669 


2.46982 


8 88988 


926.Tr 


68349.3 


996 


87616 


26984886 


17.2047 


6.6644 


2.47129 


8'.8r888 


929.91 


68813.6 


297 


68209 


26198078 


17.2887 


6.6719 


2.47276 


8.86700 


988.05 


69279.2 


296 


68804 


26468692 


17.2627 


6.6794 


2.47422 


3.86670 


986.19 


69746.5 


299 


89401 


26780899 


17.2916 


6.6869 


2.47667 


8.84448 


989.84 


70215.4 
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CARNEGIE STEEL COMPANY 


SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 


CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 


Ho. 


Square 


Cube 


Sq.Root 


Gil Hoot 


Log. 


lOOOxAeoip. 


Ho. = Dia. 1 




















Circnm. 


Area 


800 


90000 


27000000 


17.8205 


6.6948 


2.47712 


8.88838 


942.48 


70685.8 


801 


90601 


27270901 


17.8494 


6.7018 


2.47867 


8.82226 


945.62 


71157.9 


802 


91204 


27543606 


17.8781 


6.7092 


2.48001 


8.31126 


948.76 


71631.5 


808 


91809 


27818127 


17.4069 


6.7166 


2.48144 


8.80038 


951.90 


72106.6 


804 


92416 


28094464 


17.4356 


6.7240 


2.48287 


8.28947 


956.04 


72588.4 


805 


93025 


28872625 


17.4642 


6.7818 


2.48480 


8.27869 


958.19 


78061.7 


806 


93636 


28662616 


17.4929 


6.7387 


2.48572 


8.26797 


961.33 


73.541.6 


807 


94249 


28934443 


17.5214 


6.7460 


2.48714 


8.26733 


964.47 


74023.0 


808 


94864 


29218112 


17.5499 


6.7533 


2.48855 


8.24676 


967.61 


74506.0 


809 


95481 


29508629 


17.5784 


6.7606 


2.48996 


8.28626 


970.75 


74990.6 


810 


96100 


29791000 


17.6068 


6.7679 


2.49186 


8.22681 


978.89 


75476.8 


811 


96721 


80060231 


17.6352 


6.7752 


2.49276 


8.21548 


977.04 


75964.5 


812 


97344 


80871328 


17.6635 


6.7824 


2.49416 


3.20518 


980.18 


76463.8 


813 


97969 


80664297 


17.6918 


6.7897 


2.49664 


8.19489 


988.82 


76944.7 


814 


98696 


80959144 


17.7200 


6.7969 


2.49698 


8.18471 


986.46 


77437.1 


815 


99225 


81265875 


17.7482 


6.8041 


2.49881 


8.17460 


989.60 


77981.1 


816 


99866 


81554496 


17.7764 


6.8113 


2.49969 


8.16466 


992.74 


78426.7 


817 


100489 


81856018 


17.8046 


6.8185 


2.50106 


8.16457 


995.88 


78928.9 


818 


101124 


821574S2 


17.8326 


6.8256 


2.60243 


8.14465 


999.08 


79422 6 


819 


101761 


82461759 


17.8606 


6.8328 


2.60879 


8.18480 


1002.2 


79922.9 


820 


102400 


82768000 


17.8885 


6.8899 


2.50515 


8.12500 


1005.8 


80424.8 


821 


103041 


83076161 


17.9165 


6.8470 


2.50651 


8.11627 


1006.5 


80928.2 


822 


103684 


88388248 


17.9444 


6.8541 


2.60786 


8.10559 


1011.6 


81488.2 


828 


104329 


88698267 


17.9722 


6.8612 


2.50920 


8.09598 


1014.7 


81989.8 


824 


104976 


84012224 


18.0000 


6.8683 


2.51065 


8.08642 


1017.9 


82448.0 


825 


105625 


84828125 


18.0278 


6.8758 


2.51188 


8.07692 


1021.0 


82967.7 


826 


108276 


34645976 


18.0565 


6.8824 


2.51822 


8.06749 


1024.2 


88469.0 


827 


106929 


84966783 


18.0831 


6.8894 


2.61456 


8.05810 


1027.8 


88981.8 


828 


107584 


86287552 


18.1108 


6.8964 


2.6158r 


8.04878 


1030.4 


84496.8 


829 


108241 


85611289 


18.1884 


0.9084 


2.61720 


8.08951 


1068.6 


85012.8 


880 


108900 


85987000 


18.1669 


6.9104 


2.51851 


8.08080 


1086.7 


85629.9 


881 


109561 


86264691 


18.1934 


6.9174 


2.61988 


8.02115 


1039.9 


86049.0 


832 


110224 


86594368 


18.2209 


6.9244 


2.62114 


8.01205 


1043.0 


86569.7 • 


838 


110889 


36926037 


18.2488 


6.9818 


2.62244 


8.00300 


1046.2 


87092.0 


834 


111656 


87269704 


18.2757 


6.9382 


2.52376 


2.99401 


1049.8 


87616.9 


885 


112225 


87596875 


18.3060 


6.9461 


2.52504 


2.98607 


1062.4 


88141.8 


836 


112896 


87983056 


18.3308 


6.9521 


2.62684 


2.97619 


1055.6 


88668.8 


887 


113569 


88272753 


18.8676 


6.9589 


2.52763 


2.96786 


1068.7 


89196.9 


838 


114244 


88614472 


18.8848 


6.9658 


2.52892 


2.96858 


1061.9 


89727.0 


839 


114921 


88968219 


18.4120 


6.9727 


2.68020 


2.94986 


1065.0 


90258.7 


840 


116600 


89804000 


18.4891 


6.9795 


2.63148 


2.94118 


1068.1 


90792.0 


341 


116281 


89661821 


18.1662 


6.9864 


2.63276 


2.93255 


1071.8 


91826.9 


842 


116964 


40001688 


18.4982 


6.9982 


2.58408 


2.92898 


1074.4 


91868.8 


848 


117649 


40363607 


18.6208 


7.0000 


2.58629 


2.91545 


1077.6 


92401.8 


844 


118838 


40707584 


18.6472 


7.0068 


2.63656 


2.90696 


1080.7 


92940.9 


846 


119025 


41068626 


18.6742 


7.0136 


2.53782 


2.89856 


1068.8 


08482.0 


846 


119716 


41421736 


18.6011 


7.0203 


2.68906 


2.89017 


1067.0 


94024.7 


847 


120409 


41781928 


18.6279 


7.0271 


2.54088 


2.88184 


1090.1 


04509.0 


848 


121104 


42144192 


18.6648 


7.0338 


2.54158 


2.87356 


1098.8 


05114.0 


849 


121801 


42508649 


18.6815 


7.0406 


2.64288 


2.8<I588 


1096.4 


06662.8 
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CARNEGIE STEEL COMPANY 
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS 


, RECIPROCALS, 


CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 T0 1000 


Ho. 


Square 


Cube 


Sq.Root 


CiuRoot 


Log. 


lOOOxRfloip. 


Ko. = DiA. 




















Cironm. 


Area 


860 


122600 


42876000 


18.7083 


7.0473 


2.64407 


2.86714 


1099.6 


96211.8 


851 


128201 


48243661 


18.7360 


7.0640 


2.54531 


2.84900 


1102.7 


96761.8 


862 


128904 


48614208 


18.7617 


7.0607 


2.64664 


2.84091 


1105.8 


97814.0 


858 


124609 


48986977 


18.7883 


7.0674 


2.64777 


2.88286 


1109.0 


97867.7 


854 


126816 


44861864 


18.8149 


7.0740 


2.54900 


2.82486 


1112.1 


98423.0 


855 


12n025 


44738875 


18.8414 


7.0807 


2.55028 


2.81690 


1115.8 


98979.8 


856 


126786 


45118016 


18.8680 


7.0873 


2.55145 


2.80899 


1118.4 


99588.2 


857 


127449 


45499298 


18.8944 


7.0940 


2.55267 


2.80112 


1121.5 


100098 


858 


128164 


45882712 


18.9209 


7.1006 


2.55888 


2.79830 


1124.7 


100660 


869 


128881 


46268279 


18.9478 


7.1072 


2.55509 


2.78652 


1127.8 


101228 


SCO 


129600 


46666000 


18.9737 


7.1188 


2.55680 


2.77778 


1181.0 


101788 


861 


180821 


47045881 


19.0000 


7.1204 


2.56761 


2.77008 


1184.1 


102364 


862 


181044 


47437928 


19.0268 


7.1269 


2.55871 


2.76243 


1137.8 


102922 


868 


181769 


47882147 


19.0526 


7.1386 


2.66991 


2.75482 


1140.4 


108491 


864 


182496 


48228544 


19.0788 


7.1400 


2.66110 


2.74726 


1143.6 


104062 


865 


188225 


48627126 


19.1050 


7.1466 


2.56229 


2.78978 


1146.7 


104685. 


866 


188956 


49027896 


19.1311 


7.1531 


2.66348 


2.78224 


1149.8 


105209^ 


867 


184680 


49480868 


19.1572 


7.1596 


2.66467 


2.72480 


1153.0 


105785. 


868 


136424 


49886082 


19.1833 


7.1661 


2.66686 


2.71789 


1156.1 


106862t 


860 


186161 


50243409 


19.2094 


7.1726 


2.66708 


2.71003 


1169.2 


106941 


870 


186900 


50668000 


19.2854 


7.1791 


2.66820 


2.70270 


1162.4 


10762t 


871 


187641 


51064811 


19.2614 


7.1865 


2.66987 


2.69642 


1166.5 


108108 


372 


188884 


51478848 


19.2878 


7.1920 


2.57064 


2.68817 


1168.7 


108687 


878 


189129 


61896117 


19.3182 


7.1984 


2.67171 


2.68097 


1171.8 


109272 


874 


189876 


52813624 


19.8391 


7.2048 


2.67287 


2.67380 


1176.0 


109858 


875 


140625 


62734875 


19.8649 


7.2112 


2.67403 


2.66667 


1178.1 


110447 


876 


141876 


68167876 


19.3907 


7.2177 


2.57519 


2.66957 


1181.2 


111086 


877 


142129 


68582633 


19.4166 


7.2240 


2.57684 


2.65252 


1184.4 


111628 


878 


142884 


54010162 


19.4422 


7.2804 


2.57749 


2.64660 


1187.5 


112221 


879 


148641 


54489939 


19.4679 


7.2368 


2.67864 


2.68862 


1190.7 


112816 


880 


144400 


64872000 


19.4986 


7.2482 


2.67978 


2.68168 


1193.8 


118411 


881 


146161 


65806341 


19.6192 


7.2495 


2.68098 


2.62467 


1196.9 


114009 


882 


145924 


66742968 


19.6448 


7.2568 


2.68206 


2.61780 


1200.1 


114608 


888 


146689 


66181887 


19.6704 


7.2622 


2.68820 


2.61097 


1203.2 


115209 


884 


147466 


66623104 


19.6959 


7.2686 


2.68488 


2.60417 


1206.4 


115812 


885 


148225 


57066625 


19.6214 


7.2748 


2.68646 


2.69740 


1209.5 


116416 


886 


148996 


67512466 


19.6469 


7.2811 


2.68659 


2.59067 


1212.7 


117021 


887 


149769 


67960608 


19.6728 


7.2874 


2.68771 


2.68398 


1215.8 


117628 


888 


160544 


68*11072 


19.6977 


7.2936 


2.68888 


2.67732 


1218.9 


118287 


889 


151821 


68863869 


19.7231 


7.2999 


2.58995 


2.67069 


1221.1 


118847 


890 


152100 


69319000 


19.7484 


7.3061 


2.69106 


2.66410 


1226.2 


119459 


891 


152881 


60776471 


19.7787 


7.8124 


2.69218 


2.55755 


1228.4 


120072 


392 


153664 


60286288 


19.7990 


7.8186 


2.69829 


2.55102 


1281.6 


120687 


398 


154449 


60698457 


19.8242 


7.8248 


2.59439 


2.64458 


1284.6 


121804 


894 


155286 


61162984 


19.8494 


7.8310 


2.59660 


2.58807 


1237.8 


121922 


895 


156026 


61629875 


19.8746 


7.3372 


2.59660 


2.58165 


1240.9 


122542 


896 


166816 


62099186 


19.8997 


7.3434 


2.59770 


2.52525 


1244.1 


J2dl68 


897 


167609 


62570773 


19.9249 


7.3496 


2.59879 


2.61889 


1247.2 


128786 


898 


158404 


68044792 


19.9499 


7.8558 


2.69988 


2.61256 


1250.4 


124410 


899 


169201 


68521199 


19.9750 


7.3619 


2.60097 


2.60627 


1253.5 


12503a 


r- _ 
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CARNEGIE STEEL COMPANY 


SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS. 


CIRCUMFERENCES AND CIRCULAR AREAS OF NOS.FROM 1 T0 1000 


Ho. 


Square 


Oabe 


Sq.Root 


ClLllOOt 


Log. 


iOOOxRecip. 


Ho. = Di*. 1 




















Circum. 


Am 


400 


160000 


WOOOOOO 


20.0000 


7.8681 


2.60206 


2.50000 


1256.6 


125664 


401 


160801 


64481201 


20.0250 


7.3742 


2.60314 


2.49377 


1259.8 


126293 


402 


161604 


64964806 


20.0499 


7.8808 


2.60428 


2.48756 


1262.9 


126923 


403 


162409 


65450827 


20.0749 


7.8864 


2.60531 


2 48189 


1266.1 


127556 


404 


168216 


65989264 


20.0998 


7.8925 


2.60638 


2.47525 


1269.2 


128190 


405 


164025 


66430125 


20.1246 


7.3986 


2.60746 


2.46914 


1272.8 


1288S 


406 


164886 


66928416 


20.1494 


7.4047 


2.60853 


2.46805 


1275.5 


129462 


407 


165649 


67419148 


20.1742 


7.4108 


2.60959 


2.45700 


1278.6 


180100 


408 


166464 


67917812 


20.1990 


7.4169 


2.61066 


2.45098 


1281.8 


180741 


409 


167281 


68417929 


20.2287 


7.4229 


2.61172 


2.44499 


1284.9 


131382 


410 


168100 


68921000 


20.2485 


7.4290 


2.61278 


2.48902 


1288.1 


132025 


411 


168921 


69426581 


20.2731 


7.4350 


2.618S1 


2.43309 


1291.2 


132670 


413 


169744 


69984528 


20.29T8 


7.4410 


2.61490 


2.42718 


1294.8 


138817 


418 


170569 


70444^97 


20.8224 


7.4470 


2.61595 


2.42181 


1297.5 


183965 


414 


171396 


70957944 


20.8470 


7.4530 


2.61T00 


2.41546 


1800.6 


134614 


415 


172225 


71473375 


20.8715 


7.4590 


2.61805 


2.40964 


1803.8 


185265 


416 


173056 


719912«.)6 


20.8961 


7.4650 


2.61909 


2.40385 


1806.9 


135918 


417 


173889 


72511718 


20.4206 


7.4710 


2.62014 


2.39808 


1810.0 


136572 


418 


174724 


78084682 


20.4450 


7.4770 


2.62118 


2.39234 


1313.2 


137228 


419 


175561 


73560059 


20.4695 


7.4829 


2.62221 


2.88664 


1816.8 


187885 


420 


176400 


74088000 


20.4989 


7.4889 


2.62825 


2.88095 


1819.5 


188544 


421 


177241 


74618461 


20.5188 


7.4948 


2.62428 


2.87580 


1822.6 


1392(» 


422 


178C84 


75151448 


20.5426 


7.5007 


2.62531 


2.36967 


1825.8 


189867 


428 


178929 


75686967 


20.5870 


7.5067 


2.62634 


2.86407 


1328.9 


140581 


424 


179776 


76225024 


20.5913 


7 5126 


2.62737 


2.85849 


ias2.o 


141196 


425 


180625 


76765625 


20.6155 


7.5185 


2.62839 


2.85294 


1835.2 


141863 


426 


181476 


77308776 


20.6398 


7.5244 


2.62941 


2.84742 


1888.8 


142581 


427 


182329 


77854488 


20.6640 


7.5302 


2.63043 


2.84192 


1841.5 


148201 


428 


183184 


78402752 


20.6882 


7.5861 


2.63144 


2.33645 


13^4.6 


148872 


429 


184041 


78958589 


20.7128 


7.5420 


2.68246 


2.88100 


1847.7 


144545 


480 


184900 


79507000 


20.7864 


7.5478 


2.68347 


2.82558 


1850.9 


146220 


481 


185761 


80062991 


20.7605 


7.5587 


2.63448 


2.82019 


1854.0 


145896 


482 


186624 


80621568 


20.7846 


7.5595 


2.63548 


2.31482 


1857.2 


146574 


488 


187489 


81182787 


20.8087 


7.5654 


2.68649 


2.80947 


1860.8 


147254 


484 


188856 


81746504 


20.8827 


7.5712 


2.68749 


2.80415 


1868.5 


1479»4 


485 


189225 


82812875 


20.8567 


7.5770 


2.68849 


2.29885 


1866.6 


148617 


486 


190096 


82881856 


20.8806 


7.5828 


2.68949 


2.29858 


1369.7 


149301 


487 


K'0969 


83453453 


20.9045 


7.5886 


2.64048 


2.28888 


1872.9 


149987 


488 


191844 


84027672 


20.9284 


7.5944 


2.64147 


2.28311 


1876.0 


150674 


489 


192721 


84604519 


20.9523 


7.6001 


2.64246 


2.27790 


1879.2 


151863 


440 


198600 


a5184000 


20.9762 


7.6059 


2.64845 


2.27273 


1882.8 


152058 


441 


194481 


85766121 


21.0000 


7.6117 


2.64444 


2.26757 


1885.4 


152745 


442 


195864 


86350888 


21.0238 


7.6174 


2.64542 


2.26244 


1888.6 


158439 


443 


196249 


86988807 


21.0476 


7.6232 


2.64640 


2.25784 


1891.7 


154134 


444 


197186 


875283&i 


21.0713 


7.6289 


2.64'^ 


2.25225 


1894.€ 


154^0 


445 


198025 


88121125 


21.0950 


7.6346 


2.64886 


2.24719 


1898.0 


155588 


446 


198916 


88716586 


21.1187 


7.6408 


2.64988 


2.24215 


1401.2 


15682^ 


447 


199809 


89314628 


21.1424 


7.6460 


2.65081 


2.28714 


1404.8 


ibesao 


448 


200704 


89915392 


21.1660 


7.6517 


2.65x28 


2.28214 


1407.4 


15'7633 


449 


201601 


90518849 


21.1896 


7.6574 


2.66825 


2.22717 


1410.6 


158337 
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CARNEGIE STEEL COMPANY 




290 


SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 


CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 T0 1000 


lo. 


Sqiuure 


Gabe 


Sq.IU)Ot 


Oil Root 


Log. 


lOOOxKadp. 


No.^ 


Dia. 




















Gircum. 


Area 


450 


202600 


91125000 


21.2182 


7.6681 


2.65821 


2.22222 


1418.7 


159048 


451 


208401 


91788861 


21.2868 


7.6688 


2.65418 


2.21780 


1416.9 


159761 


452 


204804 


92845408 


21.2608 


7.6744 


2.66614 


2.21289 


1420.0 


160460 


458 


205209 


92959677 


21.2888 


7.6801 


2.65610 


2.20r61 


1428.1 


161171 


454 


206116 


98676664 


21.8078 


7.6857 


2.65706 


2.20264 


1426.8 


161888 


455 


20r025 


94196875 


21.880r 


7.6914 


2.65801 


2.19780 


1429.4 


162697 


466 


207986 


94818816 


21.8542 


7.6970 


2.65896 


2.19298 


1482.6 


168818 


457 


208849 


95448998 


21.8776 


7.7026 


2.65992 


2.18818 


1486.7 


164080 


458 


209764 


96071912 


21.4009 


7.7082 


2.66087 


2.18841 


1488.9 


164748 


459 


210681 


96702579 


21.4248 


7.7188 


2.66181 


2.17865 


1442.0 


165468 


460 


211600 


97886000 


21.4476 


7.7194 


2.66276 


2.17891 


1445.1 


166190 


461 


212521 


97972181 


21.4709 


7.7250 


2.66870 


2.16920 


1448.8 


166914 


462 


218444 


98611128 


21.4942 


7.7806 


2.66464 


2.16450 


1451.4 


1OT689 


468 


214869 


99262847 


21.5174 


7.7862 


2.66558 


2.16988 


1464.6 


168865 


464 


215296 


99897844 


21.5407 


7.7418 


2.66652 


2.16517 


1467.7 


169098 


465 


216225 


100544625 


21.6689 


7.7478 


2.66745 


2.15054 


1460.8 


169828 


466 


217156 


101194696 


21.6870 


7.7529 


2.66889 


2.14592 


1464.0 


170654 


467 


218089 


101847668 


21.6102 


7.7584 


2.66932 


2.14188 


1467.1 


171287 


468 


219024 


102608282 


21.6888 


7.7689 


2.67026 


2.18676 


1470.8 


172021 


469 


219961 


108161709 


21.6564 


7.7695 


2.67117 


2.18220 


1478.4 


172757 


470 


220900 


108828000 


21.6795 


7.7750 


2.67210 


2.12766 


1476.5 


178494 


471 


221841 


104487111 


21.7025 


7.7805 


2.67802 


2.12814 


1479.7 


174284 


472 


222784 


105154048 


21.7256 


7.7860 


2.67894 


2.11864 


1482.8 


174974 


478 


228729 


106828817 


21.7486 


7.7916 


2.67486 


2.11417 


1486.0 


175716 


474 


2^1676 


106496424 


21. m5 


7.7970 


2.67678 


2.10971 


1489.1 


176460 


475 




107171875 


21.7946 


7.8025 


2.67669 


2.10626 


1492.8 


177205 


476 


226676 


10r860176 


21.8174 


7.8079 


2.67r61 


2.10084 


1495.4 


177962 


4rr 


227629 


108681888 


21.8408 


7.8184 


2.67852 


2.09644 


1498.5 


178701 


478 


228484 


109215852 


21.8682 


7.8188 


2,67943 


2.09205 


1501.7 


179461 


479 


229441 


109902289 


21.8861 


7.8248 


2.68084 


2.08768 


1504.8 


180208 


480 


280400 


110692000 


21.9089 


7.8297 


2.68124 


2.08888 


1508.0 


180956 


481 


281861 


111284641 


21.9817 


7.8852 


2.68215 


2.07900 


1511.1 


181711 


482 


282824 


111980168 


21.9M5 


7.8406 


2.68805 


2.07469 


1514.8 


182467 


488 


288289 


112678587 


21.97r8 


7.8460 


2.68895 


2.07089 


1517.4 


188226 


484 


284256 


118879904 


22.0000 


7.8514 


2.68485 


2.06612 


1520.5 


188984 


485 


285226 


114084125 


22.0227 


7.8568 


2.68574 


2.06186 


1528.7 


184745 


486 


286196 


114791256 


22.0454 


7.8622 


2.68664 


2.05761 


1526.8 


185608 


487 


287169 


116601808 


22.0681 


7.8676 


2.68758 


2.06889 


1680.0 


186272 


488 


288144 


116214272 


22.0907 


7.8780 


2.68842 


2.04918 


1588.1 


187088 


489 


289121 


116980169 


22.1188 


7.8784 


2.68981 


2.04499 


1686.2 


187805 


490 


240100 


117649000 


22.1859 


7.8887 


2.69020 


2.04082 


1589.4 


188574 


491 


241061 


118870771 


22.1685 


7.8891 


2.69108 


2.08666 


1542.5 


189845 


492 


242064 


119095488 


22.1811 


7.8944 


2.69197 


2.08252 


1645.7 


190117 


498 


248019 


119828167 


22.2086 


7.8998 


2.69286 


2.02840 


1648.8 


190890 


494 


244086 


120668784 


22.2261 


7.9051 


2.69873 


2.02429 


1551.9 


191666 


495 


245025 


121287875 


22.2486 


7.9105 


2.69461 


2.02020 


1555.1 


192442 


496 


246016 


122028986 


22.2711 


7.9158 


2.69548 


2.01618 


1558.2 


198221 


497 


247009 


122768478 


22.2985 


7.9211 


2.69686 


2.01207 


1561.4 


194000 


496 


248004 


128605992 


22.8159 


7.9264 


2.69728 


2.00808 


1664.6 


194782 


499 


249001 


124261499 


22.8888 


7.9817 


2.69810 


2.00401 


1667.7 


196566 
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291 CARNEGIE STEEL COMPANY 


SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECU'ROCALS, 


CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 


Ho. 


Square 


Cab« 


Sq.Root 


Co. Root 


Log. 


lOOOzIleoip. 


Ho. = Dia. 1 




















Oircom. 


irea 


600 


250000 


126000000 


22.8607 


7.9870 


2.69897 


2.00000 


1570.8 


196850 


501 


251001 


125751601 


22.8880 


7.9428 


2.69984 


1.99601 


1678.9 


197186 


503 


252004 


126606004 


22.4054 


7.9476 


2.70070 


1.99203 


1577.1 


197928 


508 


258009 


127268527 


22.4277 


7.9528 


2.70157 


1.98807 


1580.2 


198718 


504 


254016 


128024064 


22.4499 


7.9581 


2.70243 


1.98418 


1588.4 


199604 


505 


255025 


128787625 


22.4722 


7.9684 


2.70829 


1.96020 


1586.5 


200296 


506 


256086 


129554216 


22.4944 


7.9686 


2.70415 


1.97629 


1589.7 


201090 


507 


257049 


180328848 


22.6167 


7.9789 


2.70501 


1.97239 


1592.8 


201886 


506 


258064 


131096512 


22.5889 


7.9791 


2.70586 


1.96850 


1595.9 


202688 


509 


269061 


181872229 


22.5610 


7.9848 


2.70672 


1.96464 


1599.1 


202482 


510 


260100 


182651000 


22.5882 


7.9896 


2.7U757 


1.96078 


1602.2 


204288 


511 


261121 


188432831 


22.6058 


7.9948 


2.70842 


1.95696 


1605.4 


205064 


512 


262144 


184217728 


22.6274 


8.0000 


2.70927 


1.95812 


1608.5 


205887 


513 


268169 


18500569r 


22.6496 


8.0052 


2.71012 


1.94982 


1611.6 


206692 


514 


264196 


185796744 


22.6n6 


8.0104 


2.71096 


1.94558 


1614.8 


207499 


515 


265225 


186590875 


22.6986 


8.0166 


2.71181 


1.94175 


1617.9 


208807 


516 


266256 


187888096 


22.7166 


8.0208 


2.71265 


1.98798 


1621.1 


209117 


517 


267289 


188188418 


22.7876 


8.0260 


2.71849 


1.98424 


1624.2 


209928 


518 


268324 


138991832 


22.7596 


8.0311 


2.71483 


1.98050 


1627.8 


210741 


51d 


269861 


189798859 


22.7816 


8.0863 


2.71517 


1.92678 


1630.5 


211656 


520 


270400 


140608000 


22.8085 


8.0415 


2.71600 


1.92808 


1688.6 


212372 


521 


271441 


141420761 


22.8254 


8.0466 


2.71684 


1.91989 


1636.8 


213189 


522 


272484 


142286648 


22.8478 


8.0517 


2.71767 


1.915n 


1689.9 


214006 


523 


278529 


148055667 


22.8692 


8.0569 


2.71850 


1.91205 


1648.1 


214829 


524 


274576 


1488T?824 


22.8910 


8.0620 


2.71988 


1.90840 


1646.2 


215651 


525 


275625 


144708126 


22.9129 


8.0671 


2.72016 


1.90476 


1649.8 


21W75 


526 


276676 


145581676 


22.9847 


8.0728 


2.72099 


1.90114 


1652.6 


217301 


527 


277729 


146868188 


22.9666 


8.0774 


2.72181 


1.89758 


1655.6 


218128 


528 


278784 


147197952 


22.9788 


8.0825 


2.72263 


1.89394 


1668.8 


218956 


529 


279841 


148085889 


28.0000 


8.osr6 


2.72846 


1.89086 


1661.9 


219787 


580 


280900 


148877000 


28.0217 


8.0927 


2.72428 


1.88679 


1665.0 


220618 


581 


281961 


149721291 


23.0484 


8.0978 


2.72509 


1.88324 


1668.2 


221452 


532 


288024 


150568768 


28.0651 


8.1028 


2.72591 


1.87970 


1671.8 


222287 


583 


284089 


151419487 


23.0668 


8.1079 


2.72673 


1.87617 


1674.5 


22312S 


534 


285156 


152278804 


23.1084 


8.1180 


2.72754 


1.87266 


1677.6 


228961 


535 


286225 


168130875 


28.1801 


8.1180 


2.72885 


1.86916 


1680.8 


224801 


536 


287296 


153990666 


28.1517 


8.1281 


2.72916 


1.86567 


1688.9 


225642 


537 


288369 


154854158 


28.1788 


8.1281 


2.72997 


1.86220 


1687.0 


226484 


538 


289444 


155720872 


28.1948 


8.1332 


2.78078 


1.85874 


1690.2 


227829 


539 


290521 


156590819 


28.2164 


8.1882 


2.78159 


1.85629 


1698.3 


228175 


540 


291600 


157464000 


23.2379 


8.1483 


2.78289 


1.85185 


1696.5 


229032 


541 


292681 


158840421 


23.2594 


8.1483 


2.78820 


1.84848 


1699.6 


2298n 


542 


298764 


159220068 


28.2809 


8.1533 


2.78400 


1.84502 


1702.7 


230722 


643 


294849 


160108007 


28.8024 


8.1583 


2.78480 


1.84162 


1705.9 


281574 


544 


295986 


160989184 


28.8238 


8.1638 


2.78560 


1.83824 


1709.0 


232428 


645 


297025 


161878625 


23.8452 


8.1688 


2.78640 


1.83486 


1712.2 


233288 


546 


298116 


16277133ti 


28.8666 


8.1783 


2.78719 


1.83150 


1715.3 


284140 


547 


299209 


168667828 


28.8880 


8.1783 


2.78799 


1.82816 


1718.5 


234996 


648 


800804 164566592 


28.4094 


8.1888 


2.78878 


1.82482 


1721.6 


285868 


549 


801401 165469149 


28.4807 


8.1882 


2.73957 


1.82149 


1724.7 


286720 


_ 
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CARNEGIE STEEL COMPANY 20? 


SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS,. 


CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 T0 1000 


Ho. 


S^TUure 


Oabe 


Sq.Root 


ClLllOOt 


Log. 


lOOOxReoip. 


No. = Di&. 1 




















Oirciun. 


Area 


550 


802f)n0 


166876000 


23.4521 


8.1082 


2.74086 


1.81818 


1727.9 


287688 


551 


803601 


167284161 


28.4784 


8.1082 


2.74115 


1.81488 


1781.0 


28844a 


552 


804704 


168106606 


23.4947 


8.2031 


2.74104 


1.81150 


1784.2 


289814 


558 


805809 


160112877 


23.5160 


8.2081 


2.74278 


1.80882 


1787.8 


240182 


554 


806016 


170081464 


23.5872 


8.2180 


2.74351 


1.80505 


1740.4 


241051 


555 


808025 


170058875 


23.5584 


8.2180 


2.74420 


1.80180 


1748.6 


24192^ 


556 


300186 


171870616 


23.5707 


8.2220 


2.74507 


1.79856 


1746.7 


242795 


557 


310240 


172806603 


23.6008 


8.2278 


2.74586 


1.79588 


1749.9 


248669 


568 


311864 


178741112 


23.6220 


8.2827 


2.74663 


1.70211 


1753.0 


244545 


550 


812481 




28.6482 


8.2877 


2.74741 


1.78891 


1756.2 


245422 


560 


818600 


175616000 


28.6648 


8.2426 


2.74810 


1.78571 


1750.8 


246801 


561 


814721 


176558481 


23.6854 


8.2475 


2.74896 


1.78258 


1762.4 


247181 


662 


815844 


177504828 


23.7065 


8.2524 


2.74974 


1.77986 


1765.6 


248068. 


563 


816060 


178458547 


28.7276 


8.2578 


2.75051 


1.77620 


1768.7 


248047 


564 


818006 


170406144 


23.7487 


8.2621 


2.75128 


1.77805 


1771.9 


240882: 


565 


810225 


180862125 


23.7697 


8.2670 


2.75205 


1.76001 


1775.0 


250719 


566 


320356 


181821406 


28.7008 


8.2no 


2.75282 


1.76678 


1778.1 


251607 


5CT 


821480 


182284268 


23.8118 


8.2768 


2.75358 


1.76367 


1781.8 


252407 


568 


822624 


188250482 


23.8828 


8.2816 


2.75485 


1.76056 


1784.4 


253888. 


560 


828761 


184220000 


28.8587 


8.2866 


2.75511 


1.75747 


1787.6 


254281 


570 


824000 


185108000 


28.8747 


8.2018 


2.75587 


1.75489 


1790.7 


255176 


571 


826041 


186160411 


23.8056 


8.2062 


2.75664 


1.75181 


1708.0 


25607» 


572 


82n84 


187140248 


23.0165 


8.8010 


2.75740 


1.74825 


1797.0 


256970 


578 


828820 


188182517 


23.0874 


8.3059 


2.75815 


1.74620 


1800.1 


257869 


574 


820476 


180110224 


28.0583 


8.8107 


2.75801 


1.74216 


1808.8 


258770 


576 


880625 


100100875 


23.9?92 


8.8155 


2.75067 


1.78018 


1806.4 


259672 


676 


881776 


101102076 


24.0000 


8.3208 


2.76042 


1.78611 


1809.6 


260576 
261487 


577 


882020 


102100088 


24.0208 


8.8251 


2.76118 


1.78810 


1812.7 


578 


334084 


108100552 


24.0416 


8.8800 


2.76108 


1.73010 


1815.8 


262880 


679 


885241 


104104680 


24.0624 


8.8^8 


2.76268 


1.72712 


1819.0 


268208 


580 


886400 


105112000 


24.0882 


8.8806 


2.7C848 


1.72414 


1822.1 


264206 


581 


887561 


196122941 


24.1080 


8.8443 


2.76418 


1.72117 


1825.8 


265120 


582 


sssm 


197137868 


24.1247 


8.3401 


2.76402 


1.71821 


1828.4 


266088 


588 


880680 


108165287 


24.1454 


8.8580 


2.76567 


1.71527 


1881.6 


266948 


684 


841056 


100176704 


24.1661 


8.8587 


2.76641 


1.71233 


1884.7 


267865 


685 


842225 


200201625 


24.1868 


8.8634 


2 76716 


1.70940 


1837.8 


268788 


686 


943806 


201280056 


24.2074 


8.8682 


2.76790 


1.7(K540 


1841.0 


269701 


587 


844660 


202262008 


24.2281 


8.8780 


2.76864 


1.70858 


1844.1 


270624 


588 


846744 


208297472 


24.2487 


8.8777 


2.76938 


1.70068 


1847.8 


271647 


680 


840021 


204886460 


24.2698 


8.8826 


2.77012 


1.69779 


1850.4 


272471 


500 


848100 


205379000 


24.2800 


8.8872 


2.77085 


1.69492 


1858.5 


278807 


501 


840281 


206425071 


24.8105 


8.8910 


2.77150 


1.60205 


1856.7 


274825 


502 


850464 


207474688 


24.8811 


8.8067 


277282 


1.68919 


1859.8 


275254 


683 


851640 


208527857 


24.8516 


8.4014 


2.77805 


1.68634 


1863.0 


276184 


604 


852886 


200584584 


24.8721 


8.4061 


2.77870 


1.68350 


1866.1 


277117 


595 


864025 


210644875 


24.8026 


8.4106 


2.77452 


1.68067 


1869.8 


278051 


506 


866216 


211708786 


24.4181 


8.4155 


2.77525 


1.67785 


1872.4 


278P86 


697 


856400 


2127T6178 


24.4386 


8.4202 


2.77507 


1.67504 


1875.5 


270923 


506 


867604 


218847102 


24.4540 


8.4240 


2.77670 


1.67224 


1878.7 


280862 


699 


858801 


214921799 


24.4746 


8.4206 


2.77748 


1.66945 


1881.8 


281802 


1 
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 



lo. 


Squure 


Gabe 


8i.Root 


CiLRoot 


^' 


lOOOxBMqt. 


Io. = Di*. 




















Cirram. 


Irea 


600 


860000 


216000000 


24.4949 


8.4848 


2.77816 


1.66667 


1885.0 


282748 


601 


861201 


217081801 


24.5168 


8.4890 


2.77887 


1.66889 


1888.1 


288687 


602 


862404 


218167208 


24.6867 


8.4487 


2.77960 


1.66118 


1891.2 


284681 


608 


868609 


219256227 


24.5561 


8.44&4 


2.78082 


1.65887 


1894.4 


286578 


«04 


864816 


220848864 


24.6764 


8.4580 


2.78104 


1.66568 


1897.5 


286526 


605 


866025 


221445125 


24.6967 


8.4577 


2.78176 


1.65289 


1900.7 


287475 


«06 


867286 


222545016 


24.6171 


8.4628 


2.78247 


1.65017 


1908.8 


288426 


607 


868449 


228648548 


24.6874 


8.4670 


2.78819 


1.64746 


1907.0 


2898T9 


608 


869664 


224755712 


24.6677 


8.4716 


2.78890 


1.64474 


1910.1 


290333 


«09 


870881 


225866529 


24.6779 


8.4768 


2.78462 


1.64204 


1918.2 


291289 


610 


872100 


226981000 


24.6982 


8.4809 


2.78688 


1.63984 


1916.4 


292247 


611 


878821 


228099181 


24.7184 


8.4856 


2.78604 


1.68666 


1919.6 


293206 


€12 


874644 


229220928 


24.7386 


8.4902 


2.78675 


1.63899 


1922.7 


294166 


618 


875769 


280846397 


24.7588 


8.4948 


2.78746 


1.68182 


1926.8 


295128 


€14 


876996 


231475544 


24.7790 


8.4994 


2.78817 


1.62866 


1928.9 


296092 


615 


878225 


232608375 


24.7992 


8.5040 


2.78888 


1.62602 


1982.1 


297067 


€16 


879456 


283744896 


24.8198 


8.5086 


2.78958 


1.62888 


1986.2 


298024 


617 


880689 


284885113 


24.8895 


8.5182 


2.79029 


1.62075 


1988.4 


298992 


618 


881924 


236029032 


24.8696 


8.5178 


2.79099 


1.61812 


1941.6 


299962 


€19 


888161 


287176659 


24.8797 


8.5224 


2.79169 


1.61551 


1944.7 


8009S4 


€20 


884400 


288828000 


24.8998 


8.6270 


2.79289 


1.61290 


1947.8 


801907 


621 


885641 


289488061 


24.9199 


8.5816 


2.79809 


1.61081 


1950.9 


802882 


622 


886884 


240641848 


24.9899 


8.5862 


2.79879 


1.60772 


1954.1 


803858 


€28 


888129 


241804367 


24.9600 


8.5408 


2.79449 


1.60614 


1957.2 


804886 


€24 


889376 


242970624 


24.9800 


8.5458 


2.79518 


1.60256 


1960.4 


805815 


625 


890625 


244140625 


25.0000 


8.6499 


2.79588 


1.60000 


1968.5 


806796 


€26 


891876 


245314376 


25.0200 


8.5544 


2.79657 


1.69744 


1966.6 


807779 


€27 


898129 


246491883 


25.0400 


8.5590 


2.79727 


1.69490 


1969.8 


808763 


€28 


894884 


247673152 


25.0599 


8.5635 


2.79796 


1.59286 


1972.9 


809748 


€20 


895641 


248858189 


25.0799 


8.5681 


2.79865 


1.68988 


1976.1 


810786 


€80 


896900 


250047000 


26.0998 


8.5726 


2.79984 


1.58780 


1979.2 


811725 


€81 


898161 


251289591 


25.1197 


8.5772 


2.80008 


1.58479 


1982.4 


812715 


€82 


899424 


252485968 


25.1896 


8.5817 


2.80072 


1.58228 


1986.5 


818707 


€83 


400689 


258686137 


25.1595 


8.5862 


2.80140 


1.57978 


1988.6 


814700 


€84 


401956 


254840104 


25.1794 


8.5907 


2.80209 


1.57729 


1991.8 


815696 


€85 


408225 


256047875 


25.1992 


8.5952 


2.80277 


1.57480 


1994.9 


816692 


€86 


404496 


257259456 


25.2190 


8.5997 


2.80346 


1.67288 


1996.1 


817690 


€87 


405769 


258474858 


25.2889 


8.6048 


2.80414 


1.56986 


2001.2 


818690 


€88 


407044 


259694072 


25.2587 


8.6088 


2.80482 


1.56740 


2004.3 


819693 


€89 


406821 


260917119 


26.2784 


8.6182 


2.80660 


1.56496 


2007.5 


820695 


€40 


409600 


262144000 


26.2982 


8.6177 


2.80618 


1.66250 


2010.6 


821699 


€41 


410881 


268874721 


26.8180 


8.6222 


2.80686 


1.56006 


2018.8 


822705 


€42 


412164 


264609288 


26.8877 


8.6267 


2.80754 


1.66768 


2016.9 


82871S 


€48 


418449 


265847707 


26.8674 


8.6812 


2.80821 


1.66621 


2090.O 


824723 


€44 


414786 


267089984 


26.8772 


8.6857 


2.80889 


1.56280 


2028.2 


825788 


€46 


416026 


268886125 


25.8969 


8.6401 


2.80966 


1.66069 


2026.8 


826746 


€46 


417816 


269686186 


26.4166 


8.6446 


2.81028 


1.64799 


2009.6 


827759 


647 


418609 


270840028 


26.4862 


8.6490 


2.81090 


1.54560 


2062.6 


828775 


648 


419904 


272097792 


26.4568 


8.6586 


2.81168 


1.54821 


2066.8 


829798 


640 


421201 


278869449 


26.4766 


8.em 


2.81224 


1.64088 


9088.O 


880610 
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS^ 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 T0 1000 



Ho. 


Square 


Cub* 


Sq.Iloot 


Co. Koot 


log. 


lOOOxKedp. 


No. = Dia. 








Circnm. 


Area 


G50 


422600 


274625000 


26.4951 


8.6624 


2.81291 


1.68846 


2042.0 


881881 


fi51 


428801 


275894451 


25.5147 


8.6668 


2.81868 


1.68610 


2045.2 


882858 


652 


425104 


277167808 


25.5848 


8.6718 


2.81426 


1.58874 


2048.8 


888876. 


658 


426409 


278446077 


25.5689 


8.6757 


2.81491 


1.68189 


2061.5 


884901 


654 


427716 


279726264 


26.5784 


8.6801 


2.81558 


1.62905 


2064.6 


885927 


655 


429026 


281011875 


26.5980 


8.68i5 


2.81624 


1.52672 


2057.7 


886955 


656 


480886 


282800416 


26.6125 


8.6890 


2.81690 


1.52489 


2060.9 


887985 


667 


481649 


288598898 


25.6820 


8.6984 


2.81757 


1.62207 


2064.0 


889016 


658 


482964 


284890812 


25.6516 


8.6978 


2.81828 


1.61976 


2067.2 


840040 


659 


484281 


286191179 


25.6710 


8.7022 


2.81889 


1.61745 


2070.8 


841064 


660 


486600 


287496000 


26.6906 


8.7066 


2.81964 


1.61615 


2078.6 


842110 


661 


486921 


288804781 


25.7099 


8.7110 


2.82020 


1.51286 


2076.6 


848167 


662 


488244 


290117528 


25.7294 


8.7164 


2.82086 


1.61057 


2079.7 


844196 


663 


489669 


291484247 


25.7488 


8.7198 


2.82151 


1.60880 


2082.9 


845287 


664 


440896 


292754944 


26.7682 


8.7241 


2.82217 


1.50602 


2086.0 


846279 


665 


442225 


294079625 


25.7876 


8.7285 


2.82282 


1.60876 


2089.2 


847828 


666 


448556 


295106296 


25.8070 


8.7829 


2.82847 


1.50150 


2092.8 


848868 


667 


444889 


296740968 


25.8268 


8.7378 


2.82413 


1.49925 


2096.4 


849415^ 


668 


446224 


298077682 


25.8457 


8.7416 


2.82478 


1.49701 


2098.6 


850464 


669 


447561 


299418809 


26.8660 


8.7460 


2.82548 


1.49477 


2101.7 


851614 


670 


448900 


800768000 


25.8844 


8.7508 


2.82607 


1.49264 


2104.9 


852566- 


671 


450241 


802111711 


26.9087 


8.7547 


2.82672 


1.49081 


2106.0 


858618 


672 


451584 


803464448 


25.9280 


8.7590 


2.82787 


1.48810 


2111.2 


864678 


678 


452929 


804821217 


26.9422 


8.7634 


2.82802 


1.48688 


2114.8 


855780- 


674 


454276 


806182024 


26.9616 


8.767T 


2.82866 


1.48868 


2117.4 


856788 


675 


455626 


807546876 


26.9808 


8.7721 


2.82980 


1.48148 


2120.6 


857847 


676 


456976 


80S916776 


26.0000 


8.7764 


2.82996 


1.47929 


2128.7 


85890a 


677 


458829 


810288738 


26.0192 


8.7807 


2.88069 


1.47711 


2126.9 


859971 


678 


459684 


811665752 


26.0384 


8.7850 


2.88128 


1.47498 


2180.0 


861085- 


679 


461041 


818046889 


26.0676 


8.7898 


2.88187 


1.47276 


2188.1 


862101 


680 


462400 


814482000 


26.0768 


8.7937 


2.88251 


1.47069 


2186.8 


86816a 


681 


468761 


815821241 


26.0960 


8.7980 


2.88815 


1.46848 


2189.4 


864287 


682 


465124 


817214568 


26.1161 


8.8023 


2.88378 


1.46628 


2142.6 


865308 


683 


466489 


818611987 


26.1848 


8.8066 


2.88442 


1.46418 


2145.7 


866380 


684 


467856 


820018504 


26.1534 


8.8109 


2.83506 


1.46199 


2148.9 


867458 


685 


469225 


821419125 


26.1725 


8.8152 


2.83569 


1.45985 


2152.0 


868528 


686 


470596 


822828^56 


26.1916 


8.8194 


2.83632 


1.45778 


2155.1 


869C05 


687 


471969 


824242703 


26.2107 


8.8237 


2.88696 


1.46560 


2158.8 


8706S4 


688 


473844 


825660672 


26.2298 


8.82S0 


2.88759 


1.45849 


2161.4 


871764 


689 


474721 


827082769 


26.2488 


8.8323 


2.83822 


1.45188 


2164.6 


872845 


690 


476100 


828509000 


26.2679 


8.8866 


2.88885 


1.44928 


2167.7 


878928 


691 


477481 


829930371 


26.2869 


8.8408 


2.83948 


1.44718 


2170.8 


875018 


692 


478884 


831373888 


26.3059 


8.ai51 


2.84011 


1.44509 


2174.0 


876099 


693 


480249 


832812557 


26.3249 


8.8493 


2.84078 


1.44800 


2177.1 


877187 


694 


481686 


884255884 


28.3439 


8.8536 


2.84136 


1.44092 


2180.8 


878276 


695 


488025 


835702375 


26.3629 


8.8578 


2.84198 


1.48885 


2188.4 


879367 


696 


484416 


837153536 


26.3818 


8.8621 


2.84261 


1.48678 


2186.6 


880459 


697 


485809 


888608878 


26.4008 


8.8663 


2.84328 


1.48472 


2189.7 


881554 


698 


487204 


840068892 


26.4197 


8.8706 


2.84386 


1.48267 


2192.8 


882049 


699 


488601 


841582099 


26.4886 


8.8748 


2.84448 


1.48062 


2196.0 


883746 
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295 CARNEGIE STEEL COMPANY 


SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 


CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 


lo. 


S^Tun 


Gabe 


8q.Root 


Go. Root 


^' 


IOOOxRm^. 


Ho. = I)i*. 1 




















Oimim. 


Am 


^TOO 


490000 


848000000 


36.4575 


8.8790 


3.84510 


1.43857 


2199.1 


884845 


701 


491401 


844473101 


36.4764 


8.8888 


3.84572 


1.43658 


3302.8 


885946 


1X» 


492804 


845948406 


36.4968 


6.8876 


3.84684 


1.43450 


3305.4 


887047 


708 


494209 


84742893r 


36.5141 


6.8917 


3.84696 


1.43348 


3308.5 


888151 


704 


496616 


848918664 


36.5880 


8.8959 


3.84757 


1.43046 


3211.7 


889356 


-706 


497026 


850403625 


36.5518 


8.9001 


3.84819 


1.41844 


3214.8 


890868 


706 


496486 


851895816 


36.5707 


8.9048 


3.84880 


1.41648 


2218.0 


891471 


707 


499849 


858898248 


36.5896 


8.9086 


3.84943 


1.41448 


2321.1 


892580 


708 


601264 


854894912 


36.6088 


8.9137 


3.85008 


1.41248 


2224.3 


898698 


709 


603681 


856400629 


36.6271 


8.9160 


3.86066 


1.41044 


2227.4 


894805 


710 


604100 


857911000 


26.6468 


8.9811 


3.86136 


1.40646 


2280.5 


S96919 


711 


506631 


859435481 


86.6646 


8.9358 


3.86187 


1.40647 


2288.7 


897066 


713 


506944 


860944138 


86.6688 


8.9396 


3.86348 


1.40419 


3286.8 


898158 


718 


508869 


863467097 


86.7021 


8.9887 


3.85809 


1.40358 


2240.0 


899878 


714 


609r96 


868994844 


86.7206 


6.9878 


3.85870 


1.40056 


2248.1 


400898 


715 


611236 


866526875 


86.7896 


8.9420 


3.85481 


1.89860 


2246.3 


401515 


716 


513666 


867061696 


86.7583 


8.9463 


3.85491 


1.89665 


3349.4 


402689 


717 


614089 


868601818 


36.7769 


8.9508 


3.85553 


1.89470 


3353.5 


408766 


718 


615524 


870146283 


jW.7955 


8.9545 


3.85613 


1.89376 


3255.7 


404898 


719 


616961 


871694959 


36.8143 


8.9687 


3.86678 


1.89063 


3258.6 


406000 


720 


618400 


878348000 


36.8838 


8.9628 


3.86788 


1.88889 


3261.9 


407150 


721 


519841 


874805861 


36.8514 


8.9670 


3.85794 


1.88696 


3365.1 


406382 


722 


531284 


876867048 


36.8701 


6.9711 


3.85854 


1.88604 


3368.8 


409416 


728 


622729 


877988067 


36.8887 


8.9753 


3.85914 


1.88818 


3371.4 


410660 


724 


634176 


879606434 


36.90?3 


8.9794 


3.85974 


1.88133 


3374. 5 


411687 


725 


536625 


8810r8136 


86.9358 


6.9685 


3.86084 


1.87961 


3277.7 


412826 


726 


527076 


883657176 


36.9444 


8.9876 


3.86094 


1.87741 


3380.8 


418965 


727 


528539 


881340688 


36.9639 


6.9918 


3.86168 


1.87553 


3888.9 


415106 


728 


529984 


886828853 


86.9615 


8.9969 


3.86318 


1.87868 


3287.1 


416848 


729 


581441 


887430489 


37.0000 


9.0000 


3.66378 


1.87174 


3390.2 


417886 


780 


683900 


889017000 


»r.0186 


9.0041 


3.86883 


1.80966 


3398.4 


418689 


781 


584861 


890617891 


37.0870 


9.0083 


3.86893 


1.86799 


3296.5 


419686 


782 


585834 


893228168 


37.0655 


9.0138 


3.86451 


1.86613 


2399.7 


480685 


788 


587389 


898882887 


3r.0740 


9.0164 


3.86610 


1.86436 


3803.8 


481966 


784 


588756 


895446904 


3r.0934 


9.0205 


3.86570 


1.86840 


3806.9 


42S1S8 


785 


640335 


897065875 


37.1109 


9.0246 


3.86629 


1.86064 


3809.1 


^4298 


786 


641696 


896688256 


37.1398 


9.0287 


3.86688 


1.86870 


3813.3 


426148 


787 


548169 


400815558 


37.1477 


9.0828 


3.86747 


1.86686 


3815.4 


«36604 


788 


544644 


401947272 


37.1663 


9.0869 


3.86806 


1.85501 


3818.5 


4377QS 


789 


546131 


408588419 


37.1846 


9.0410 


3.86864 


1.86818 


3831.6 


486988 


740 


647600 


406224000 


37.2039 


0.0460 


3.86928 


1.86186 


3834.8 


480064 


741 


549081 


406869021 


3r.3318 


9.0491 


3.86983 


1.84968 


2327.9 


481247 


743 


550564 


406518488 


37.3807 


9.0682 


3.87040 


1.84m 


2881.1 


48^13 


748 


553049 


410172407 


37.3680 


9.0572 


3.87099 


1.84590 


3884.8 


488578 


744 


558586 


411880784 


37.3764 


9.0618 


3.87157 


1.84409 


8887.3 


484746 


745 


555035 


418498626 


37.3947 


9.0654 


3.87216 


1.84228 


8840.5 


435916 


746 


556516 


415160986 


37.8180 


9.0694 


3.87874 


1.84048 


8848.6 


487067 


747 


558009 


416882738 


37.8818 


9.0785 


3.87883 


1.88869 


3846.8 


488369 


748 


559504 


418508993 


37.8496 


9.07?5 


3.87890 


1.88690 


3849.9 


489I8R 


1 749 


661001 


430189749 


37.8679 


9.0616 


3.87446 


1.88511 


3868.1 


440600 


1 
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 


CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 T0 1000 


Ho. 


Squire 


Oabe 


8q.Root 


Co. Root 


Log. 


lOOOxRecip. 


Ho.= 


Dia. 




















Gircnin. 


Area 


750 


562600 


421875000 


27.3861 


9.0856 


2.87508 


1.38383 


2856.2 


441786 


751 


564001 


423564751 


27.4044 


9.0896 


2.87564 


1.38156 


2359.8 


442985 


762 


565504 


425259008 


27.4226 


9.0987 


2.87622 


1.82979 


2862.5 


444148 


758 


567009 


426957777 


27.4408 


9.0977 


2.87680 


1.82802 


2365.6 


445328 


754 


568516 


428661064 


27.4591 


9.1017 


2.87787 


1.82826 


2868.8 


448511 


755 


570025 


480368875 


27.4778 


9.1057 


2.8'r795 


1.82450 


2871.9 


447697 


756 


571586 


482081216 


27.4955 


9.1098 


2.87852 


1.82275 


2875.0 


448883 


757 


578049 


438798093 


27.5136 


9.1138 


2.87910 


1.82100 


2878.2 


450072 


758 


574564 


485519512 


27.5318 


9.1178 


2.87987 


1.81926 


2881.8 


451282 


759 


576061 


487245479 


27.6500 


9.1218 


2.88024 


1.81762 


2384.6 


452458 


780 


577600 


438976000 


27.5881 


9.1258 


2.88081 


1.81579 


2887.6 


458846 


761 


579121 


440711081 


27.5862 


9.1298 


2.88188 


1.81406 


2890.8 


464841 


762 


580644 


442450728 


27.6043 


9.1388 


2.88196 


1.81234 


2898.9 


456087 


763 


582169 


444194947 


27.6225 


9.1878 


2.88252 


1.31062 


2897.0 


457284 


764 


588696 


445943744 


27.6405 


9.1418 


2.88809 


1.80690 


2400.2 


458484 


765 


585225 


44r69n25 


27.6586 


9.1458 


2.88866 


1.30719 


2403.8 


469885 


766 


586756 


449455096 


27.6767 


9.1498 


2.88428 


1.80548 


2408.5 


460887 


767 


588289 


451217668 


27.6948 


9.1587 


2.88480 


1.80378 


2409.6 


482042 


768 


589824 


462984832 


27.7128 


9.1577 


2.88586 


1.80206 


2412.7 


463247 


769 


591861 


454756609 


27.7308 


9.1617 


2.88593 


1.80089 


2415.9 


464464 


770 


592900 


456538000 


27.7489 


9.1657 


2.88649 


1.29870 


2419.0 


465668 


771 


594441 


458314011 


27.7669 


9.1696 


2.88705 


1.29702 


2422.2 


486873 


772 


595984 


460099648 


27.7849 


9.1786 


2.88762 


1.29584 


2425.8 


468085 


778 


597529 


461889917 


27.8029 


9.1775 


2.88818 


1.29866 


2428.5 


469298 


774 


599076 


4686S4824 


27.8209 


9.1815 


2.88874 


1.29199 


2431.6 


470518 


775 


600625 


465484875 


27.8888 


9.1855 


2.88930 


1.29082 


2434.7 


471780 


776 


602176 


467288576 


27.8568 


9.1894 


2.88986 


1.28866 


2437.9 


472948 


777 


608729 


469097438 


27.8747 


9.1983 


2.89042 


1.28700 


2441.0 


474168 


778 


605284 


470910952 


27.8927 


9.1973 


2.89098 


1.28535 


2444.2 


475389 


779 


606841 


472729189 


27.9106 


9.2012 


2.89164 


1.28870 


2447.8 


476612 


780 


608400 


474552000 


27.9285 


9.2052 


2.89209 


1.28205 


2450.4 


477888 


781 


609961 


476379541 


27.9464 


9.2091 


2.89285 


1.28041 


2468.6 


479062 


782 


611524 


478211768 


27.9643 


9.2180 


2.89321 


1.27877 


2456.7 


480290 


788 


618069 


480048887 


27.9821 


9.2170 


2.89376 


i.2rn4 


2459.9 


481519 


784 


614656 


481890304 


28.0000 


9.2209 


2.89432 


1.27551 


2468.0 


482750 


785 


616225 


483786625 


28.0179 


9.2248 


2.89487 


1.27389 


2466.2 


483982 


786 


617799 


485587656 


28.0357 


9.2287 


2.89542 


1.27228 


2489.8 


485216 


787 


619369 


487443408 


28.0535 


9.2328 


2.89597 


1.27065 


2472.4 


486451 


788 


620944 


489303872 


28.0713 


9.2865 


2.89658 


1.26904 


2475.8 


487888 


789 


622521 


491169069 


28.0891 


9.2404 


2.89708 


1.28748 


2478.7 


488927 


790 


624100 


493089000 


28.1069 


9.2443 


2.89788 


1.26582 


2481.9 


490187 


791 


625681 


494913671 


28.1247 


9.2482 


2.89618 


1.26422 


2485.0 


491409 


792 


627264 


496793088 


28.1425 


9.2521 


2.89873 


1.26288 


2488.1 


492652 


798 


628849 


498677257 


28.1603 


9.2560 


2.89927 


1.28103 


2491.8 


498897 


794 


680186 


500566184 


28.1780 


9.2599 


2.89982 


1.25945 


2494.4 


495148 


795 


682025 


502459875 


28.1957 


9.2638 


2.90037 


1.25786 


2497.8 


496391 


796 


688616 


504358836 


28.2135 


9.2677 


2.90091 


1.25628 


2500.7 


497841 


797 


685209 


506261573 


28.2312 


9.2716 


2.90146 


1.25471 


2508.8 


498892 


798 


636804 


508169592 


28.2489 


9.2754 


2.90200 


1.25313 


2507.0 


500145 


799 


688401 


510082399 


28.2666 


9.2798 


2.90255 


1.25156 


2610.1 


601899 


1 
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SQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS, 


CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 T0 1000 


lo. 


&inare 


Onbe 


8q.Root 


OiLRoot 


Log. 


lOOOxEedp. 


Ho.= 


Du. 




















Gironm. 


Area 


800 


640000 


512000DOO 


28.2848 


9.2882 


2.90809 


1.25000 


2513.8 


502655 


801 


641601 


518922401 


28.8019 


9.2870 


2.90868 


1.24844 


2516.4 


503912 


802 


648204 


515849606 


28.8196 


9.2909 


2.90417 


1.24688 


2519.6 


505171 


808 


644809 


517781627 


28.8878 


9.2948 


2.90472 


1.24688 


2622.7 


506432 


804 


646416 


519718464 


28.8649 


9.2986 


2.90526 


1.24878 


2625.8 


507694 


805 


648025 


521660125 


28.8725 


9.8025 


2.90680 


1.24224 


2529.0 


506958 


806 


649686 


528606616 


28.8901 


9.8068 


2.90684 


1.24069 


2682.1 


510228 


807 


651249 


525557943 


28.4077 


9.8102 


2.90687 


1.28916 


2585.8 


511490 


808 


652864 


527514112 


28.4253 


9.8140 


2.90741 


1.28762 


2588.4 


512758 


809 


654481 


529475129 


28.4429 


9.8179 


2.90795 


1.28609 


2541.5 


514028 


810 


656100 


531441000 


28.4605 


9.3217 


2.90649 


1.28457 


2544.7 


515800 


811 


657721 


588411731 


28.4781 


9.8256 


2.90902 


1.23806 


2647.8 


61Q6TS 


812 


659844 


585887828 


28.4966 


9.3294 


2.90966 


1.23163 


2551.0 


517848 


818 


660969 


537867797 


28.5182 


9.8832 


2.91009 


1.28001 


2554.1 


519124 


814 


662596 


539853144 


28.6807 


9.3870 


2.91062 


1.22850 


2557.8 


520402 


815 


664225 


541848375 


28.5482 


9.3408 


2.91116 


1.22699 


2560.4 


521681 


816 


665856 


543888496 


28.6657 


9.8447 


2.91169 


1.22549 


2568.5 


522962 


817 


667489 


545888518 


28.6832 


9.8486 


2.91222 


1.22899 


2666.7 


524245 


818 


669124 


547848482 


28.60(yi' 


9.8528 


2.91276 


1.22249 


2569.8 


525529 


819 


670761 


549853259 


28.6182 


9.8661 


2.91828 


1.22100 


2578.0 


526814 


820 


672400 


561868000 


28.6866 


9.8599 


2.91881 


1.21951 


2576.1 


528102 


821 


674041 


553887661 


28.6531 


9.8687 


2.91484 


1.21803 


2579.2 


529391 


822 


675684 


556412248 


28.6705 


9.8676 


2.91487 


1.21666 


2582.4 


580681 


823 


677829 


557441767 


28.6880 


9.8713 


2.91640 


1.21607 


2586.5 


531978 


824 


678976 


559476224 


28.7054 


9.8751 


2.91598 


1.21869 


2688.7 


588267 


825 


680625 


561515625 


28.7228 


9.8789 


2.91646 


1.21212 


2591.8 


584562 


826 


682276 


568559976 


28.7402 


9.8827 


2.91698 


1.21066 


2595.0 


585858 


827 


683929 


565609288 


28.7676 


9.8865 


2.91751 


1.20919 


2598.1 


537157 


828 


685584 


567668552 


28.7750 


9.8902 


2.91803 


1.20778 


2601.2 


538456 


829 


687241 


569722789 


28.7924 


9.8940 


2.91866 


1.20627 


2604.4 


589758 


880 


688900 


571787000 


28.8097 


9.8978 


2.91908 


1.20482 


2607.5 


541061 


831 


690561 


578856191 


28.8271 


9.4016 


2.91960 


1.20887 


2610.7 


542865 


832 


692224 


575980868 


28.8444 


9.4063 


2.92012 


1.20192 


2613.8 


548671 


833 


693889 


578009537 


28.8617 


9.4091 


2.92065 


1.20048 


2616.9 


544979 


834 


695556 


580093704 


28.8791 


9.4129 


2.92117 


1.19904 


2620.1 


546288 


835 


697225 


582182875 


28.8964 


9.4166 


2.92169 


1.19760 


2623.2 


547699 


836 


698896 


5S4277056 


28.9137 


9.4204 


2.92221 


1.19617 


2626.4 


548912 


837 


700569 


586376253 


28.9310 


9.4241 


2.92278 


1.19474 


2629.5 


550226 


838 


702244 


5S8480472 


28.9482 


9.4279 


2.92324 


1.19832 


2682.7 


551641 


833 


703921 


590589719 


28.9655 


9.4316 


2.92876 


1.19189 


2685.8 


562858 


840 


705600 


592704000 


2S.9828 


9.4854 


2.92428 


1.1904S 


2688.9 


554177 


841 


707281 


594823321 


29.0000 


9.4391 


2.92480 


1.18903 


2642.1 


555497 


842 


708964 


596947688 


29.0173 


9.4429 


2.92581 


1.18765 


2646.2 


556819 


843 


710649 


599077107 


29.0845 


9.4460 


2.92583 


1.18624 


2048.4 


558S42 


&i4 


712336 


601211584 


29.0517 


9.4503 


2.92634 


1.18483 


2651.5 


559467 


845 


714025 


603351125 


29.0689 


9.4641 


2.92686 


1.18343 


2654.6 


560794 


846 


715716 


605495786 


29.0861 


9.4678 


2.92787 


1.18203 


2657.8 


562122 


847 


717409 


607646423 


29.1033 


9.4615 


2.92788 


1.18084 


2660.9 


568462 


848 


719104 


609800192 


29.1204 


9.4652 


2.92840 


1.17925 


2664.1 


.564788 


849 


720801 


611960049 


29.1376 


9.4690 


2.92891 


1.17786 


2667.2 


566116 
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SQUARES, CUBES, SQUARE ROOTS, CUBti ROOTS, LOGARITHMS, RECIPROCALS* 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FHOM 1 T0 1000 



lo. 


Soiun 


Oabe 


8q.Eoot 


Go. Soot 


I-g. 


lOOOxReo^ 


IO.=:Di». 


Ciioiun. 


Aroa 


860 


722600 


614125000 


29.1648 


9.4727 


2.92942 


1.17847 


2670.4 


567450 


851 


724201 


616296051 


29.1719 


9.4764 


2.92996 


1.17509 


2678.5 


668786 


860 


725904 


618470208 


29.1890 


9.4801 


2.93044 


1.17871 


2676.6 


670124 


868 


727609 


e206504rr 


29.2062 


9.4838 


2.93095 


1.17233 


2879.8 


671488 


864 


729816 


622886864 


29.2233 


9.4875 


2.93146 


1.17096 


2682.9 


672808 


855 


781023 


625026375 


29.2404 


9.4912 


2.93197 


1.16969 


2888.1 


674146 


866 


782786 


627222016 


29.2575 


9.4919 


2.98247 


1.16822 


2689.2 


675490 


857 


784449 


629422793 


29.2746 


9.4986 


2.98298 


1.16686 


2892.8 


576835 


858 


786164 


631628712 


29.2916 


9.6023 


2.93349 


1.16660 


2896.5 


678182 


859 


787881 


638839m 


29.8067 


9.6060 


2.93399 


1.16414 


2898.6 


579580 


860 


789600 


686066000 


29.8258 


9.6097 


2.96460 


1.16279 


2701.8 


680880 


861 


741821 


688277831 


29.8428 


9.6134 


2.96600 


1.16144 


2704.9 


682232 


868 


748044 


640503928 


29.8596 


9.5171 


2.93551 


1.16009 


2708.1 


683585 


868 


744769 


642786647 


29.8769 


9.5207 


2.93601 


1.16875 


2711.2 


684940 


864 


746496 


644972644 


29.8939 


9.5244 


2.98651 


1.15741 


2714.8 


686297 


866 


748226 


647214625 


29.4109 


9.5281 


2.98702 


1.15607 


2717.6 


587865 


866 


749956 


649461896 


29.4279 


9.5317 


2.98762 


1.15478 


2T20.6 


589014 


867 


751689 


651714863 


29.4449 


9.5354 


2.98802 


1.16340 


2728.8 


590375 


868 


753424 


658972082 


29.4618 


9.5391 


2.93862 


1.16207 


2728.9 


691788 


860 


765161 


666284909 


29.4788 


9.5427 


2.93902 


1.16075 


2780.0 


596100 


870 


756900 


668606000 


29.4968 


9.W64 


2.96962 


1.14948 


2788.8 


694468 


871 


758641 


660776811 


29.6127 


9.5501 


2.94002 


1.14811 


2788.8 


696835 


873 


760384 


663054848 


29.6296 


9.5637 


2.94062 


1.14679 


2789.5 


697204 


878 


762129 


666338617 


29.6466 


9.5674 


2.94101 


1.14548 


2742.6 


696575 


874 


768876 


667627624 


29.5635 


9.6610 


2.94161 


1.14416 


2746.8 


699947 


875 


765625 


669921875 


29.5804 


9.5647 


2.94201 


1.14286 


2748.9 


601820 


876 


767876 


672221376 


29.5978 


9.5683 


2.94260 


1.14155 


2752.0 


602896 


877 


769129 


674526183 


29.6142 


9.6719 


2.94300 


1.14025 


2766.2 


604078 


878 


770884 


676836152 


29.6311 


9.6756 


2.94849 


1.18895 


2758.8 


605451 


879 


772641 


679151439 


29.6479 


9.5792 


2.94899 


1.18766 


2761.5 


608881 


880 


774400 


681472000 


29.6648 


9.5828 


2.94448 


1.18686 


2764.6 


608212 


881 


776161 


683797841 


29.6816 


9.6865 


2.94498 


1.18607 


2767.7 


809595 


882 


777924 


686128968 


29.6985 


9.5901 


2.94547. 


1.13379 


2770.9 


810980 


888 


779689 


688465887 


29.7158 


9.5937 


2.94596 


1.18260 


2774.0 


812388 


884 


781466 


6908On04 


29.7821 


9.5978 


2.94645 


1.18122 


27T7.2 


818754 


885 


788225 


693154125 


29.7489 


9.6010 


2.94694 


1.12994 


2780.8 


815148 


886 


784996 


696606456 


29.7668 


9.6046 


2.94748 


1.12867 


2788.5 


816634 


887 


786769 


697864103 


29.7825 


9.6062 


2.94792 


1.12740 


2786.8 


617927 


888 


788544 


700227072 


29.7998 


9.6118 


2.94841 


1.12613 


2789.7 


819321 


889 


790621 


702595369 


29.8161 


9.6154 


2.94890 


1.12486 


2792.9 


820717 


890 


792100 


704969000 


29.8829 


9.6190 


2.94989 


1.12880 


2796.0 


822114 


891 


798881 


7073479n 


29.8496 


9.6226 


2.94988 


1.12233 


2799.2 


623518 


890 


796664 


709782288 


29.8664 


9.6262 


2.96036 


1.12108 


2802.8 


824918 


898 


797449 


712121967 


29.8881 


9.6296 


2.96085 


1.11982 


2805.4 


828815 


894 


799286 


714516984 


29.8998 


9.6834 


2.96184 


1.11867 


2808.8 


827718 


896 


801025 


716917875 


29.9166 


9.6370 


2.96182 


1.11782 


2811.7 


829124 


896 


802816 


719823136 


29.9833 


9.6406 


2.96231 


1.11807 


2814.9 


880680 


897 


804Q09 
806404 


721784278 


29.9500 


9.6442 


2.96279 


1.11483 


2818.0 


881988 


896 


724150792 


29.9666 


9.6477 


2.96828 


1.11359 


2821.2 


638848 


899 


806201 


726672699 


29.9638 


9.6518 


2.96876 


1.11235 


2824.8 


634760 
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IQUARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOQARITHMS, RECIPiftOCALS. 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 



lo. 


Sqnan 


Cub* 


8q.Root 


Co. Root 


W. 


lOOOx&edp. 


Ho. = IW». 






Ciraim. 


Am 


900 


810000 


729000000 


80.0000 


9.6549 


2.95424 


1.11111 


2827.4 


686178 


901 


811801 


781482701 


80.0167 


9.6685 


2.95472 


1.10966 


2890.6 


687587 


902 


818604 


788870806 


80.0688 


9.6620 


2.96521 


1.10665 


2888.7 


689006 


908 


815409 


786814827 


80.0600 


9.6656 


2.96669 


1.10748 


2886.0 


640481 


904 


817216 ; 788768264 


80.0666 


0.6692 


2.96617 


1.10619 


2640.0 


641840 


906 


819025 741217625 


80.0682 


9.6727 


2.96665 


1.10497 


2848.1 


648861 


906 


820886 


748677416 


80.0998 


0.6768 


2.96718 


1.10875 


2846.8 


644688 


907 


822649 


746142648 


80.1164 


0.6799 


2.96761 


1.10264 


2840.4 


646107 


906 


824164 


748618812 


80.1880 


9.6884 


2.96809 


1.10182 


2862.6 


647688 


909 


826281 


751069429 


80.1496 


9.6870 


2.96866 


1.10011 


2866.7 


648960 


010 


828100 


758571000 


80.1662 


0.6006 


2.96904 


1.00890 


2868.8 


660868 


911 


829921 


756068081 


80.1U» 


0.6941 


2.95962 


1.09760 


2862.0 


661818 


012 


881744 
888569 


758660628 
761048497 


80.1998 
80.2159 


9.6976 
9.7012 


2.96999 
2.96047 


1.09649 
1.09629 


2866.1 
2868.8 


668260 


018 


654684 


014 


885896 


768651944 


80.2824 


0.7047 


2.96096 


1.09409 


2871.4 


666118 


015 


887225 


766060675 


80.2490 


9.7062 


2.96142 


1.09290 


2874.6 


657566 


016 


889056 


768576296 


80.2665 


0.7116 


2.96190 


1.09170 


2877.7 


668996 


017 


840889 


771096218 


80.2820 


0.7168 


2.96287 


1.09061 


2880.8 


660488 


018 


842724 


778620682 


80.2985 


0.7188 


2.06284 


1.06982 


2884.0 


661874 


019 


844661 


776151560 


80.8160 


0.7224 


8.06882 


1.06814 


2887.1 


668817 


020 


84640D 


778688000 


80.8815 


9.7260 


8.06879 


1.06696 


2890.8 


664761 


021 


848241 


781229961 


80.8480 


9.7204 


2.06426 


1.06578 


2898.4 


666207 


022 


860064 


788777448 


80.8646 


0.7820 


2.06478 


1.08460 


2896.5 


667664 


028 


851929 


786880467 


80.8800 


0.7864 


8.06620 


1.06842 


2899.7 


660106 


024 868776 


788889024 


80.8074 


9.7400 


2.06667 


1.06226 


2902.8 


670664 


025 


85o626 


791458125 


80.4188 


0.7486 


8.06614 


1.06106 


2906.0 


672006 


026 


857476 


794022776 


80.4802 


9.7470 


8.06661 


1.07991 


2909.1 


678460 


027 


859829 


796597988 


80.4467 


9.7606 


8.96708 


1.07875 


2912.8 


674915 


028 


861184 


799178752 


80.4681 


0.7540 


8.96755 


1.07750 


2915.4 


676878 


029 


868041 


801766069 


80.4796 


0.7676 


8.96808 


1.07648 


8018.5 


077881 


080 


864900 


804857000 


80.4050 


0.7610 


8.06848 


1.07527 


8081.7 


679201 


061 


866761 


806954491 


80.5128 


9.7645 


8.06896 


1.07411 


8924.8 


680762 


982 


868624 


809557568 


80.5287 


9.7680 


8.96948 


1.07296 


2928.0 


662216 


088 


870489 
872856 


812166287 
814780604 


80.5160 
80.6614 


0.7716 
9.7750 


8.96988 
8.97086 


1.07181 
1.07066 


2981.1 
2984.8 


6^680 


084 


666147 


085 


874225 


817400876 


80.57?8 


O.T?85 


8.97061 


1.06062 


8987.4 


686616 


036 


876096 


820025856 


80.5941 


0.7819 


8.97128 


1.06886 


8940.5 


666064 


087 


877969 


822666968 


80.6105 


9.7854 


8.97174 


1.06724 


8948.7 


689666 


988 


879844 


826298672 


80.62(38 


9.7889 


8.97220 


1.06610 


8946.8 


601028 


089 


881721 


82r986010 


80.6481 


0.7924 


8.97267 


1.06496 


8960.0 


602608 


040 


888600 


880684000 


80.6694 


0.7980 


8.97818 


1.06888 


8968.1 


666978 


941 


885481 


888287621 


80.6757 


0.7998 


8.97860 


1.06270 


8966.8 


605455 


942 


887364 


885896888 


80.6920 


0.8028 


8.97406 


1.06157 


8969.4 


696084 


948 


889249 


888561807 


80.7088 


9.8068 


8.97451 


1.06046 


8968.6 


096415 


044 


891188 


841282884 


80.7246 


9.8097 


2.97497 


1.05982 


8966.7 


609697 


945 


898025 


848908625 


80.7409 


9.8182 


8.97648 


1.06820 


8968.8 


701880 


946 


894916 


846590586 


80.7571 


9.8167 


8.97589 


1.05706 


8971.0 


708865 


047 


896809 


849278128 


80.7784 


9.8201 


8.97685 


1.06697 


8975.1 


7048SS 


048 


898704 


851971892 


80.7896 


9.8286 


8.97681 


1.06465 


8978.8 


706840 


049 


900601 


864670849 


80.8068 


9.8270 


8.07727 


1.06874 


8961.4 


707880 
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Sf^ARES, CUBES, SQUARE ROOTS, CUBE ROOTS, LOGARITHMS, RECIPROCALS 
CIRCUMFERENCES AND CIRCULAR AREAS OF NOS. FROM 1 TO 1000 



lo. 


Squan 


Cub* 


8q.Root 


CiLRoot 


(^ 


lOOOxEecip. 


No. = Du. 






















Gircum. 


Area 


960 


902500 


857875000 


80.8221 


9.8305 


2.97772 


1.05268 


2984.5 


708822 


951 


904401 


860085851 


80.8888 


9.8339 


2.97818 


1.05152 


2987.7 


710815 


9B2 


908304 


862801408 


80.8545 


9.8374 


2.97864 


1.05042 


2990.8 


711809 


958 


908209 


8655281T7 


30.8707 


9.8408 


2.97909 


1.04932 


2998.9 


713306 


954 


910116 


868250664 


80.8869 


9.8443 


2.97955 


1,04822 


2997.1 


714808 


955 


912025 


8709838r5 


80.9031 


9.8477 


2.98000 


1.04712 


3000.2 


716303 


966 


918986 


873722816 


80.9192 


9.8511 


2.98046 


1.04603 


8003.4 


717804 


957 


915849 


876467493 


30.9854 


9.8546 


2.9H091 


1.04498 


8006.5 


719806 


958 


917784 


879217912 


80.9616 


9.8580 


2.98187 


1.D4384 


8009.8 


720810 


959 


919681 


881974079 


80.9677 


9.8614 


2.98182 


1.04275 


8012.8 


722818 


960 


921600 


884736000 


80.9889 


9.8648 


2.98227 


1.04167 


8015.9 


723828 


961 


928521 


887508681 


31.0000 


9.8683 


2.98272 


1.04058 


8019.1 


725882 


962 


925444 


890277128 


81.0161 


9.8717 


2.98818 


1.08950 


8022.2 


726842 


968 


927869 


893056847 


81.0822 


9.8751 


2.98363 


1.03842 


8025.4 


728854 


964 


929296 


895841344 


81.0488 


9.8785 


2.98408 


1.03734 


8028.5 


729867 


965 


931225 


898632125 


81.0644 


9.8819 


2.98453 


1.03827 


8031.8 


781382 


966 


983156 


901428696 


81.0805 


9.8854 


2.98498 


1.08520 


8034.8 


782899 


967 


935089 


904231063 


81.0966 


9.8888 


2.98548 


1.03413 


8037.9 


734417 


968 


937024 


907039282 


81.1127 


9.8922 


2.98588 


1.03806 


8041.1 


735987 


969 


988361 


909853209 


31.1288 


9.8956 


2.96682 


1.03199 


8044.2 


787458 


970 


940900 


912678000 


31.1448 


9.8990 


2.98677 


1.08098 


8047.3 


788981 


971 


942841 


915496611 


81.1609 


9.9024 


2.98722 


1.02987 


8050.5 


740506 


972 


944784 


918380048 


31.1769 


9.9058 


2.98767 


1.02881 


8058.6 


742082 


973 


946729 


921167817 


31.1929 


9.9092 


2.98811 


1.02775 


8058.8 


748559 


974 


948676 


924010424 


31.2090 


9.9126 


2.98858 


1.02669 


8059.9 


745088 


»75 


950625 


926859375 


31.2250 


9.9160 


2.98900 


1.02564 


8063.1 


746819 


978 


952576 


929714176 


81.2410 


9.9194 


2.98945 


1.02459 


3066.2 


748151 


97r 


954529 


982574833 


31.2570 


9.9227 


2.98989 


1.02354 


8009.8 


749685 


978 


956484 


985441352 


31.2780 


9.9261 


2.99084 


1.02249 


8072.5 


751221 


979 


958441 


938818789 


31.2880 


9.9295 


2.99078 


1.02145 


8075.8 


752758 


980 


960400 


941192000 


81.8050 


9.9829 


2.99128 


1.02041 


8078.8 


754296 


961 


962861 


944076141 


81.8209 


9.9863 


2.99167 


1.01987 


8081.9 


755887 


962 


964824 


946966168 


31.8369 


9.9896 


2.99211 


1.01888 


8085.0 


757878 


968 


966289 


949862087 


81.3528 


9.9430 


2.99255 


1.01729 


8088.2 


758922 


964 


968266 


952768904 


81.8688 


9.9464 


2.99800 


1.01626 


8091.8 


760486 


965 


970225 


955671625 


31.8847 


9.9497 


2.99344 


1.01528 


8094.5 


782013 


966 


972196 


958585256 


81.4006 


9.9531 


2.99888 


1.01420 


3097.6 


783561 


987 


974169 


961504803 


81.4166 


9.9565 


2.99482 


1.01317 


3100.8 


785111 


988 


976144 


964480272 


81.4325 


9.9598 


2.99476 


1.01215 


8103.9 


766662 


989 


978121 


967361669 


81.4484 


9.9682 


2.99520 


1.01112 


8107.0 


768214 


990 


960100 


970299000 


81.4648 


9.9666 


2.99564 


1.01010 


8110.2 


769769 


991 


982081 


973242271 


81.4802 


9.9699 


2.99607 


1.00908 


3113.8 


771825 


992 


984064 


976191488 


81.4960 


9.9783 


2.99651 


1.00808 


8116.5 


772882 


998 


986049 


979146657 


31.5119 


9.9766 


2.99695 


1.00705 


8119.8 


774441 


994 


988086 


982107784 


81.5278 


9.9800 


2.99739 


1.00604 


8122.7 


776002 


995 


990025 


985074875 


81.5486 


9.9833 


2.99782 


1.00508 


3125.9 


777564 


996 


992016 


988047936 


31.5595 


9.9866 


2.99826 


1.00402 


3129.0 


779128 


997 


994009 


991026973 


81.5758 


9.9900 


2.99870 


1.00801 


8182.2 


780698 


998 


996004 


994011992 


31.5911 


9.9?«3 


2.99913 


1.00200 


8135.8 


782260 


999 


996001 


997002999 


31.6070 


9.9967 


2.99957 


1.00100 


8188.5 


788828 
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1 


TiHGEIT 




1 


0' 


ic 


20' 


8(y 


4CK 


6(y 


ec 







0.00000 


0.00201 


0.00682 


0.00878 


0.01164 


0.01466 


0.01746 


89 


1 


0.01746 


0.02086 


0.02828 


0.02610 


0.02010 


0.08201 


0.06402 


88 


2 


0.08402 


0.06788 


0.04076 


0.04866 


0.04668 


0.04949 


0.06241 


97 


8 


0.06241 


0.06688 


0.05824 


0.06116 


0.06406 


0.06700 


0.06008 


86 


4 


0.06008 


0.07286 


0.07678 


0.07870 


0.06168 


0.06456 


0.06740 


86 


5 


0.06740 


0.00042 


0.09886 


0.00620 


0.00028 


0.10216 


0.10510 


84 


6 


0.10510 


0.10806 


0.11000 


0.11894 


0.11688 


0.11088 


0.12278 


83 


7 


0.122?8 


0.12674 


0.12860 


0.18166 


0.18461 


0.18768 


0.14054 


82 


8 


0.14054 


0.14861 


0.14648 


0.14946 


0.15248 


0.16640 


0.15888 


81 


9 


0.16888 


0.16187 


0.16486 


0.16784 


0.17088 


^.17888 


0.17688 


80 


10 


0.17688 


0.17988 


0.18288 


0.18684 


0.18886 


0.19186 


0.10488 


79 


11 


0.19488 


0.10740 


0.20042 


0.20646 


0.20648 


0.20062 


0.21256 


78 


12 


0.21266 


0.21560 


0.21864 


0.22169 


0.22475 


0.22781 


0.28087 


77 


18 


0.28087 


0.28808 


0.28700 


0.24<i08 


0.24816 


0.24624 


0.24088 


76 


14 


0.24988 


0.26242 


0.25552 


0.26862 


0.26172 


0.26488 


0.26706 


75 


16 


0.26796 


0.27107 


0.27410 


0.27782 


0.28046 


0.28860 


0.28676 


74 


16 


0.28676 


0.28000 


0.29805 


0.29621 


0.20088 


0.80266 


0.8U678 


78 


17 


0.80678 


0.80891 


0.81210 


0.81580 


0.81860 


0.82171 


0.82402 


72 


18 


0.82492 


0.82814 


0.88186 


0.88460 


0.88788 


0.84108 


0.84438 


71 


10 


0.84488 


0.84768 


0.85066 


0.86412 


0.86740 


0.86068 


0.86897 


70 


90 


0.86897 


0.86727 


0.87U67 


0.87888 


0.87720 


0.88068 


0.88886 


69 


81 


0.88888 


0.88721 


0.80U55 


0.89691 


0.80727 


0.40066 


0.40406 


68 


22 


0.40406 


0.40741 


0.41081 


0.41421 


0.41768 


0.42105 


0.42447 


67 


88 


0.42447 


0.42791 


0.48186 


0.48481 


0.48828 


0.44175 


0.44623 


66 


24 


0.44528 


0.44872 


0.46222 


0.46678 


0.46024 


0.46277 


0.46681 


66 


86 


0.46681 


0.46986 


0.47841 


0.47698 


0.48055 


0.48414 


0.48778 


64 


26 


0.48778 


0.49184 


0.49496 


0.49858 


0.60222 


0.60587 


0.50058 


68 


87 


0.50958 


0.51820 


0.61688 


0.52067 


0.62427 


0.52708 


0.68171 


62 


88 


0.68171 


0.58546 


0.58020 


0.64296 


0.64674 


0.55061 


0.66481 


61 


29 


0.66481 


0.65812 


0.56104 


0.66677 


0.66062 


0.67848 


0.67785 


60 


80 


0.67786 


0.68124 


0.68518 


0.68906 


0.60297 


0.60601 


0.60086 


60 


81 


0.60086 


0.60488 


0.60681 


0.61280 


0.61681 


0.62U88 


0.62487 


68 


82 


0.62487 


0.62802 


0.68200 


0.68707 


0.64117 


0.64628 


0.64941 


67 


88 


0.64941 


0.66855 


0.66771 


0.66189 


0.66606 


0.67028 


0.67461 


66 


84 


0.67451 


0.67876 


0.68801 


0.68726 


0.09167 


0.60688 


0.70021 


66 


86 


0.70021 


0.70466 
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1.00988 
1.01847 
1.01648 


84 
83 
88 
81 
80 


10 
11 
18 
18 
14 


1.01548 
1.01878 
1.08884 
1.08680 
1.08061 


1.01696 
1.0*1980 
1.08898 
1.08700 
1.08187 


1.01649 
1.01989 
1.08868 
1.02770 
1.0881S 


1.01708 
1.08049 
1.08488 
1.02:^48 
1.08890 


1.01768 
1.08110 
1.02494 
1.02914 
1.08368 


1.01815 
1.08171 
1.08668 
1.08987 
1.06447 


1.01878 
1.08884 
1.08680 
1.08061 
1.06688 


T8 
78 
77 
76 
75 


15 
16 
17 
18 
19 


1.08688 
1.04080 
1.04569 
1.06146 
1.06768 


1.08609 
1.04117 
1.04668 
1.06846 
1.06869 


1.08691 
1.04806 
1.04767 
1.06847 
1.06976 


1.08774 
1.04296 
1.04858 
1.06449 
1.06085 


1.08868 
1.04885 
1.04960 
1.06658 
1.06196 


1.06944 
1.04477 
1.06047 
1.06667 


1.04060 
1.04569 
1.06146 
1.05768 
1.06418 


74 
78 
78 
71 
70 


80 
81 
88 
88 
84. 


1.06418 
1.07116 
1.07868 
1.086i{6 
1.09404 


1.06681 
1.07885 
1.07981 

i.o&m 

1.09606 


1.06646 
1.07866 
1.08109 
1.08907 
1.09750 


1.06761 
1.07479 
1.08289 
1.09044 
1.09895 


1.06878 
1.07608 
1.08870 
1.09188 
1.10041 


1.06996 
1.07?27 
1.08608 
1.09888 
1.10189 


1.07115 
1.07868 
1.08686 
1.09464 
1.10688 


09 
68 
67 
66 
66 


85 
96 
87 
88 
99 


1.10888 
1.11860 
1.18888 
1.18867 
1.14885 


1.10488 
1.11419 
1.12400 
1.18488 
1.14681 


1.10640 
1.11679 
1.18668 
1.18610 
1.14707 


1.10798 
1.11740 
1.12788 
1.18789 
1.14896 


1.10947 
1.11908 
1.18910 
1.18970 
1.15086 


1.11108 
1.18067 
1.18088 
1.14168 
1.16877 


1.11860 
1.18288 
1.18867 
1.14886 
1.16470 


64 
68 
68 
61 
60 


90 
«1 


1.15470 
1.16668 
1.17918 
1.19886 
1.80688 


1.15666 

1.16868 
1.18188 
1.19468 
1.80869 


1.16861 
1.17076 
1.18350 
1.19691 
1.81099 


1.16059 
1.17288 
1.18569 
1.19980 
1.21841 


1.16850 
1.17498 
1.19m 
1.80168 
1.81684 


1.16460 
1.17704 
1.19018 
1.80886 
1.81880 


1.16668 
1.17918 
1.19886 
1.80688 
1.88077 


68 
58 
57 
56 
65 


85 
86 
«7 

88 
88 


1.88077 
1.88607 
1.86814 
1.86908 
1.88676 


1.82827 
1.28869 
1.25489 
1.2n91 
1.28980 


1.82579 
1.84184 
1.86767 
1.87488 
1.89887 


1.82888 
1.24400 
1.26047 
1.27778 
1.89697 


1.88089 
1.84669 
1.86880 
1.88075 
1.89909 


1.88847 
1.84940 
1.86615 
1.88874 
1.80888 


1.88607 
1.86814 
1.86908 
1.88676 
1.80641 


54 
58 
58 
51 
60 


40 
41 
48 
48 
44 


1.80641 
1.88501 
1.84668 
1.86788 
1.89016 


1.80861 
1.82888 
1.84917 
1.87105 
1.89409 


1.81188 
1.881T7 
1.85874 
1.87481 
1.89804 


1.81609 
1.88619 
1.86684 
1.87860 
1.40808 


1.81887 
1.88864 
1.86997 
1.88842 
1.40606 


1.88168 
1.84818 
1.86868 

1.88688 
1.41018 


1.88601 
1.84668 
1.86788 
1.89016 
1.41481 


48 
48 
47 
46 
45 




60' 


60' 


40 


30' 


20' 


10' 


0' 


1 
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OOSlCiHTS 




k 


(y 


10' 


20^ 


30' 


40^ 


6(y 


eo' 





1 
8 
8 
4 


00 

57.89809 
88.66871 
19.10782 
14.88569 


848.77516 
49.11406 
26.45051 
18.10262 
18.76812 


171.88881 
42.975n 
24.56212 
17.19848 
18.28472 


114.59801 
88.20155 
22.92559 
16.88041 
12.74560 


85.94561 
84.88232 
21.49868 
15.63679 
18.89185 


68.76786 
81.25758 
20.23028 
14.95788 
11.86887 


57.89669 
28.66871 
19.10782 
14.88559 
11.47871 


89 
88 
87 
86 
86 


5 
6 

7 
8 
9 


11.47871 
9.5667r 
8.20551 
7.18580 
6.89246 


11.10466 
9.80917 
8.01666 
7.08962 
6.87719 


.,;.76849 
9.06615 
7.88448 
6.89979 
6.16607 


10.48348 
8.88367 
7.66180 
6.76547 
6.06886 


10.18758 
8.61879 
7.49671 
6.68688 
6.95686 


0.88912 
8.46466 
7.88719 
6.61208 
6.86689 


9.66677 
8.20661 
7.18680 
6.89246 
6.75877 


84 
88 
88 
81 
80 


10 
11 
12 
18 
14 


6.75877 
6.24064 
4.80978 
4.44541 
4.18357 


5.66688 
6.16859 
4.74482 
4.89012 
4.08591 


6.57498 
5.08868 
4.68167 
4.88622 
4.08988 


6.48740 
5.01585 
4.62028 
4.28366 
8.99393 


6.40868 
4.94517 
4.56041 
4.88839 
8.94968 


6.82049 
4.87649 
4.50216 
4.18288 
8.90518 


5.24064 
4.80978 
4.44541 
4.18367 
8.86870 


79 
76 
77 
76 
75 


16 

16 
17 
18 
19 


8.86870 
8.62796 
8.42080 
8.28607 
8.07155 


8.82228 
8.69154 
8.88808 
8.20787 
8.04684 


8.78166 
8.55687 
8.85649 
8.17920 
8.02067 


8.74198 
8.52094 
8.32551 
8.15155 
2.99574 


8.70316 
8.48671 
8.89518 
3.18440 
8 9n85 


8.66615 
8.45317 
8.26581 
8.09774 
8.94787 


8.68796 
8.48080 
8.88607 
8.07156 
8.98880 


74 
73 
78 
71 
70 


20 
21 
82 
28 
84 


2.08880 
2.79048 
2.66947 
2.55080 
2.45869 


2.90068 
2.76945 
2.65040 
2.54190 
2.44264 


2.87785 
2.74881 
2.68162 
2.52474 
2.48698 


2.85545 
2.7&J50 
2.61318 
2.50784 
2.41148 


8.88848 
8.70851 
8 59491 
8.49119 
8.89614 


8.81175 
8.68884 
8.57698 
8.47477 
8.88107 


8.79048 
8.66947 
8.56980 
8.46869 
8.86680 


69 
68 
67 • 
66 
66 


85 
86 
87 
88 
89 


2.86680 
8.88117 
8.80269 
8.18005 
8.06867 


2.86154 
2.26766 
2.19019 
2.11847 
2.06191 


8.88706 
8.85488 
8.17786 
8.10704 
8.04128 


8.88882 
2.24116 

2.16668 
2.09574 
2.03077 


8.80675 
8.82817 
8.15866 
8.06458 
8.02089 


8.89487 
8.81585 
8.14178 
8.07856 
8.01014 


8.88117 
8.20869 
2.18006 
2.06867 
8.00000 


64 
63 
68 
61 
60 


80 
81 
88 
88 
84 


8.00000 
1.94160 
1.88708 
1.88608 
1.78889 


1.98996 
1.98226 
1.87884 
1.82790 
1.78068 


1.96008 
1.92802 
1.86990 
1.81981 
1.77808 


1.97029 
1.91888 
1.86116 
1.81180 
176662 


1.96062 
1.90485 
1.86271 
1.80888 
1.75808 


1.95106 
1.89691 
1.84485 
1.79604 
1.75078 


1.94160 
1.88709 
1.88608 
1.78829 
1.74846 


6d 
68 
67 
66 
66 


86 
86 
«7 
88 
89 


1.74846 
1.70180 
1.66164 
1.68487 
1.68908 


1.78624 
1.69462 
1.66626 
1.61826 
1.68888 


1.72911 
1.68782 
1.64894 
1.61229 
1.57771 


l.'!8205 
1.68117 
1.64868 
1.60689 
1.57218 


1.71606 
1.67460 
1.68648 
1.60054 
1.56661 


1.70616 
1.66809 
1.68035 
1.59475 
1.56114 


1.70180 
1.66164 
1.62427 
1.58902 
1.65678 


64 
68 
68 
61 
60 


40 
41 
48 
48 
44 


1.66678 
1.62425 
1.49448 
1.46628 
1.48966 


1.56086 
1.61918 
1.48967 
1.46178 
1.48524 


1.64604 
1.51415 
1.48491 
1.45721 
1.48096 


1.589T7 
1.60916 
1.48019 
1.45274 
1.42672 


1.58456 
1.50422 
1.47551 
1.44^81 
1.42861 


1.52988 
1.49938 
1.47037 
1.44891 
1.41885 


1.68485 

1.49448 
1.46628 
1.48956 
1.41421 


4ft 
48 
47 
40 
46 
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307 CARNEGIE STEEL COMPANY 



Carnegie Steel Company 

Manufacturer of 

Bessemer and Basic Open Hearth 
Steel of all Grades 



Owns and operates the following works 

Edgrar Thomson Furnaces . . . Bessemer 

Duquesne Furnaces .... Duquesne 

Lucy Furnaces . u . . . . Pittsburar 

Carrie Furnaces Rankin 

Edgrar Thomson Steel Works . . Bessemer 

Duquesne Steel Works . . Duquesne 

Homestead Steel Works . Munhall 

Upper Union Mills ..... Pittsburg 

Lower Union Mills Pittsburgr 

Howard Axle Works .... Homestead 
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AT WHIOH ARE PRODUCED 

Armor Plate 

Billets (l}i in. up), Blooms, Slabs 

Ferro Manganese, Spiegel-eisen, Pig Iron 

Forg^ngs, such as Axles, Arch Bars, and other Car Porgings, 

Connecting Rods, Crank Shafts 
Plates for Boilers, Bridges, Ships and Tanks 
Rails. Steel, 25 to 100 lbs. per yard; Steel Splice Bars (plain 

and angle), for all sections of Rails 
Rolled Structtiral Shapes, such as Angles, Rounds, Flats. 

Squares, Ovals, I-Beams, Channels, Tees, Zees, etc. 
Structural Work, such as Buildings, Girders, Columns, etc. 

ADDRESS 
General Oificks: 

Pittsburg; Carnegie Building 

Sales Offices: 

Atlanta; Equitable Building 

Boston ; Telephone Building 

Buffalo; German Insurance Building 

Chicago ; ** The Rookery " 

Cincinnati ; Union Trust Building 

Cleveland; Perry-Payne Building 

Denver; Boston Building 

Detroit ; Union Trust Building 

New Orleans ; Hennen Building 

New York ; Empire Building 

Philadelphia ; Harrison Building 

Portland ; Ainsworth Block 

San Francisco : 258 Market Street 

St. Louis ; National Bank of Commerce Building 

St. Paul ; Pioneer Press Building 

PoRKiQN Sales Officesi 

London (Eng.); 71 and 72 King William Street 
Montreal (Canada) ; Bell Telephone Building 
Mexico ; 924 Apartado, City of Mexico 
Sydney, Australia 
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INDEX 

Page 

Andum . . standard wall 17^ 

Anglet . . . properties of standard and special . • • 100-119^ 

radii of gryration for, used as struts .... 144-14(^ 

safe loads for standard and special . 76-78^ 

shapes of square root 16-17 

" ** standard and special, equal legrs . . 18-14 

'* ** standard and special, unequal leg^ . li-15 

standard connection, details of ... • 178-186 

" ♦* notes on . . . . . 181-181^ 

" gauges for punching .... 178-186 

weights and dimensions of square root ... 4S 
♦» »' •* " standard and special, 

equal legs 87-88 

weights and dimensions of standard and special. 

unequal legs 89-41 

tkm . , . notes on 60-e» 

types of fireproof 48-4^ 

Anu . . . of circles 881-800 

of flat rolled steel 845-250 

* of square and round bars 961-266 

sectional, method of increasing 8& 



Ban . • • circumferences of round 961-86& 

dimensions and weights of flat 28 

" *♦ " ** flat oval ... 29 

" •* ** half round ... 28 

** ** oval .... 28 

** " '* " round .... 27 

'* ** '' *' round edge flat . . 29- 

»* '* " " round oval ... 29 

" *' square ... 27 

eye 212 

weights and areas of square and round . . 961-266 

MS . . • for columns 60 

Batten . . tables of 216 

am . . . anchors, details, weights and dimensions of . . 176 

box girders, explanation of tables on . . . 151 

" " safe loads for 15&-156 

am . . . bending moments, shears and deflections of . 94 

cast iron separators for 176 

distance center to center, for equal radii . . 91, 98. 100 
framing opposite, connections for diflferent depths of 187 - ibH- 
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imam ... in foundations, notes on . . 54 

in foundations, tables for 16S-166 

properties of standard and special .... 97-100 

safe lengths of, used as struts .... 91 

safe loads for standard and special .... 70-72 

safe loads on wooden 234 

shapes of standard 1-6 

spacing tables for standard 81-88 

standard connections for 178-182 

standard gauges for punching .... 177-181 

weights and dimensions of standard and special . 82-88 

without lateral support, proportion of safe loads of 68 

Bfluing . . plates, notes on 58 

" steel, weights and dimensions of . 177-181 

values of pins 199 

»* " rivets 195-196 

** safe, of brickwork and masonry 58 

Bending . . moments of pins 197-196 

Bolt . . . heads, standard dimensions of ... . 207 

Bolts . . . weights of 201-202 

BncdB^ . . details of types of wind 58 

notes on wind 57 

Brass . . . weights of sheets of 967-268 

Bnolc . . . arches in floors . 60 

-work, safe bearing values of 58 

-work, weight of . . 58 

Boekled . . plates 107-168 

C 

Outil0Tan . notes on 55-56 

types of 62 

CMtlroa . . columns, notes on 121-122 

" safe loads for round .... 149 

** ultimate strength of 148 

notes on 2S8 

separators 175 

specifications for 228 

OsQingt . • details of suspended .... . 49 

notes on fireproof and suspended .... 68-64 

, , columns, radii of gryration for 187-142 

" safe loads for 187-142 

*" weights and dimensions of ... 187-142 
> . distance back to back, in columns for equal 

radii 91,108.126 

properties of standard and special .... 101-102 

safe loads for standard and snecial . . 78-74 
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Checkered. . 

Circles . . . 

Cirenltf . . 
Oiiciunferaioet 

dearaaoes. . 

Cleris . . . 

Coeflldento . 



Pftg« 

shapes of car-truck and ship^bnildiiiff . . . 8-0 

shapes of standard 5-7 

standard connections for 184-186 

standard gaufi^es for punching . ... 188-186 
weights and dimensions of car-truck and ihlp- 

building 86 

weights and dimensions of standard and special 84 

plates, shapes of 24 

** weights and dimensions of .... 46 

areas and circumferences of .... 881-800 

plates, extreme dimensions of 81 

of round bars 961-266 

for machine driven rivets 191 

nuts, standard 210 

of deflection . . 69 

and struts, notes on 126-126 

bases for 60 

connections for constant dimension zee-bar 189-100 

details of built sections of 61 

" " fireproofingof 60 

equal radii of gyration for channel . . 01,102,126 

in fireproof buildings ...... 121-124 

radii of gyration for channel 187-142 

** " " " round and square . . 147 

»» ** •• '" zee-bar 127-136 

safe loads for channel 187-142 

♦* " '* round cast iron 149 

♦» " »» see-bar ...... 127-186 

standard spacing for rivets in zee-bar . 128-136 

ultimate strength of cast iron .... 148 

" " " medium steel .... 148-144 

weights and dimensions for channel . . 187-142 

»* " ** " zee-bar .... 127-136 

ultimate resistance of material to . . . . 288-239 

in foundations 64 

angles, standard, for beams and channels . . 178-188 

for constant dimension zee-bar columns . . . 189-190 

** different depths of beams framing opposite 187-188 

details 47-53 

signs for riveting 191 

weights of sheets of 267-268 

plate flooring 170 

plates, properties of 100 

** shapes of 24 

•* weights and dimensions of . ... 46 

sheets in flooring 60-61 

•• notes on .... . . 171-172 
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Page 

• oo«inea and cotangents 801-^06 

Habet . . • and cube roots of numbers . . £81-800 

D 

Bedmali . • of a foot for each ^ of an inch 818-^4 

of an inch for each ^ 815 

Mlaetioii . • coefficients 09 

limit of safe 66 

OeUOi. . . constructional 47-68 

of built column sections 51 

** fireproofing floors and columns .... 48-50 

** partitions 49 

** suspended ceilings 49 

" tyi>es of cantilevers 58 

«i «« "wind bracing 58 

extreme of circular plates 81 

*' ** rectangular plates 80 

»' " ** sheeU .... 81 

of angles, square root ^ 

** ** standard and special, equal legs . 87-88 

»♦ 44 »i 44 44 unequal legs . 8JM1 

*♦ t)ars, flat 88 

•• " flat oval ........ 89 

•* ** half round 88 

»• " oval 28 

*• ** round 87 

»• *♦ round edge flat ...... 89 

** ** round oval » 29 

♦* " square 27 

** beams, standard and special .... 88-83 

^* channel columns . . 187-142 

** channels, car-truck and ship-building . • 85 

'' channels, standard and special .... 84 

** checkered plates 46 

'* clevises 210 

** corrugated plates 46 

♦» eye-bars 212 

*^ miscellaneous shapes 46 

** rails, American standard ...... 120 

•* sleeve nuts . • 211 

** tees, equal legs 48 

•♦ " hand-rail 46 

M ** unequal legs 44-45 

** trough plates 46 

*' tumbuckles 211 

** zee-bar columns . . ...... 127-186 
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Dimensions . of zee-bars, special 

" ** standard 

DistanM . • back to back of channels to make radii equal 

center to center of beams for equal radii . 



Pag« 

85-86 

, 90,100,125 

90, 98, 100 



Izpusion . linear, of substances by heat 
Xxplttution . of tables on beam box girders 

" " pins and rivets .... 

" ** plate girders 

" ** properties of Carnegie shapes 

** ** safe loads and spacing 
Ixtruna . . dimensions of circular plates 

" ♦• rectangular plates . 

»* »* *' sheets . . 
l|7e-Btf . . heads, standards 



244 

151 

193,194 

157-158 



65-68 

81 

80 

81 

212 



firefvoof . . buildings, columns in 181-124 

ceilings, notes on 68-64 

partitions, notes on 64 

fireproofing . of floors and columns, details of .... 48-60 

** girders and columns, notes on . . . . ' 68-64 

Flat . . . bars, dimensions and weights of ... . 28 

oval bars, dimensions and weights of . . . 29 

rolled steel, areas of 1)45-250 

•• *• weights of 251-260 

noon . . . details of fireproofing 48-49 

general notes on 69-64 

Flooring . . corrugated plate 170 

trough plate . 169 

Formnla. . . geaeral 98-96 

FonndatioDi . beamsusedin . . , 168-166 

cantilevers in 56-56 

notes on 64 

Fonotton* . . natural trigonometrical 801-806 



6mMp« . . standard . • . 206 

6ang«i . . standard, for punching angles, beams and channels 177-186 
»• for sheeU and wire .... 217,818,267,268 

Genml . . formuUs 98-96 

Oirdert . . explanation of tables on beam box ... 151 

** ** " " riveted plate . . . 157-158 

in buildings, notes on . . . . c . 68-60 
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. safe loads for beam box 150-156 

♦• »♦ •* riveted plate 15»-ie8 

GraTitj . . tpeciflc, of subbtances • . 9iO 

Gript . . . lengtha of rivets for variant . . . • . 19S 

H 

Half-KoiiAd . bars, dimensions and weights of . • • • 28 

Eftad-IUil. . tees, shapes of 19 

I«tl . . . linear expansion of substances by .... 944 

I 

I-BauBt . . (see beams) 

Inorauinf . sectional areas, method of 26 

Inertia . . moments of, for Carnegie standard shapes • • 95 

*♦ " " rectangles 150 

«* ** ** nsual shapes 96 

InterthangwiMi tables between U. S. and metric system . . 875-280 

Inn . . . notes on 288 

weights of sheeU of 817,267,268 

L 

fimit ... of safe deflection .... ... 66 

LiAMV . • . expansion of substances by heat ... 244 

Lintels. . . notes on 58 

Loftdi . . . per square foot on floors 68 

44 44 »i 44 roofs 178 

safe (see safe loads) 

Logarithnt . of numbers 281-800 

M 

ManofMJtoreri standard specifications 819-228 

Masonry . . safe bearing values of 58 

MtteriAls . . strength of 287-289 

Measurw . . and weights 272-278 

Mensnrtkion 869-271 

Method . . of increasing sectional areas 26 

MetrieSystem tablesof 274-280 

Mieoelkneons ihapes, weights and dimensions of . . . 46 

. bending, of beams 94 

•• ** pins 197-198 

of inertia for Carnegie standard shapes ... 95 

* " " rectangles 150 
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